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Preface 


Large,  complex  design  and  construction  programs  demand  personnel 
with  unique  skills  and  capabilities  supplemented  with  practical  experi¬ 
ences  in  their  areas  of  expertise.  This  is  especially  true  for  those  design¬ 
ing  and  constructing  conventional  and  nuclear-powered  naval  subma¬ 
rines.  These  vessels  require  that  unique  engineer  and  designer  skills 
be  nurtured  and  sustained  and  that  program  managers  at  all  levels  be 
trained  and  educated  so  as  to  create  the  pool  of  knowledge  and  experi¬ 
ence  to  conduct  a  successful  program.1  In  the  past,  key  technical  and 
management  personnel  in  the  submarine  community  were  nurtured 
and  sustained  through  numerous  sequential  design  and  acquisition 
programs  supported  by  growing  defense  funding.  By  participating  in 
one  or  more  programs,  personnel  gained  experience  to  be  the  leaders 
in  future  programs. 

But  as  the  operational  lives  of  submarines  have  lengthened  and  as 
defense  budgets  in  most  nations  have  become  constrained,  new  subma¬ 
rine  programs  are  occurring  less  frequently.  In  the  future,  there  may  be 
substantial  gaps  between  new  program  starts,  resulting  in  fewer  oppor¬ 
tunities  for  personnel  to  gain  experience  managing  complex  processes 
and  making  informed  decisions  than  in  the  past.  Future  managers  of 
new  programs  may  not  have  the  benefit  of  learning  from  the  challenges 
faced  and  issues  solved  in  past  programs. 

Recognizing  the  importance  of  past  experiences  for  successful 
program  management,  the  Program  Executive  Officer  for  Submarines 
from  the  United  States,  the  Director  Submarines  of  the  United  King- 


i 


See  Schank  et  al.,  2005a,  and  Schank  et  ak,  2007. 
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dom’s  Defence  Equipment  and  Support  organization,  and  the  Direc¬ 
tor  General  Submarines  from  Australia’s  Department  of  Defence  asked 
the  RAND  Corporation  to  develop  a  set  of  lessons  learned  from  previ¬ 
ous  submarine  programs  that  could  help  inform  future  program  man¬ 
agers.  The  research  examined  the  Ohio,  Seawolf  and  Virginia  programs 
of  the  United  States;  the  Astute  program  of  the  United  Kingdom;  and 
the  Collins  program  of  Australia.  This  volume  summarizes  the  lessons 
across  those  five  programs.  Other  volumes  in  the  series  provide  descrip¬ 
tions  of  the  specific  case  studies  and  the  lessons  garnered  from  them: 

•  MG-1 128/2-NAVY,  Learning  from  Experience,  Volume  II:  Les¬ 
sons  from  the  U.S.  Navy’s  Ohio,  Seawolf,  and  Virginia  Submarine 
Programs 

•  MG-1 128/3-NAVY,  Learning  from  Experience,  Volume  III:  Lessons 
from  the  United  Kingdom’s  Astute  Submarine  Program 

•  MG-1 128/4-NAVY,  Learning  from  Experience,  Volume  IV:  Lessons 
from  Australia’s  Collins  Submarine  Program. 

This  research  was  conducted  within  the  Acquisition  and  Technol¬ 
ogy  Policy  Center  of  the  RAND  National  Defense  Research  Institute, 
a  federally  funded  research  and  development  center  sponsored  by  the 
Office  of  the  Secretary  of  Defense,  the  Joint  Staff,  the  Unified  Com¬ 
batant  Commands,  the  Navy,  the  Marine  Corps,  the  defense  agencies, 
and  the  defense  Intelligence  Community. 

For  more  information  on  the  Acquisition  and  Technology  Policy 
Center,  see  http://www.rand.org/nsrd/ndri/centers/atp.html  or  contact 
the  director  (contact  information  is  provided  on  the  web  page). 
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Summary 


Designing  and  building  naval  submarines  are  complex  tasks  that 
require  organizations  with  unique  skills  and  expertise.  Technical  per¬ 
sonnel,  designers,  construction  tradesmen,  and  program  managers  gain 
knowledge  and  experience  by  working  on  successive  programs  during 
their  careers.  This  will  prove  difficult  in  the  future  as  the  long  opera¬ 
tional  lives  of  submarines  and  the  constrained  defense  budgets  of  most 
countries  will  likely  create  future  gaps  in  new  submarine  design  and 
build  programs. 

Recognizing  the  importance  of  past  experiences  for  successful 
program  management,  the  Program  Executive  Officer  (PEO)  for  Sub¬ 
marines  from  the  United  States,  the  Director  Submarines  of  the  United 
Kingdom’s  Defence  Equipment  and  Support  organization,  and  the 
Director  General  Submarines  from  Australia’s  Department  of  Defence 
asked  the  RAND  Corporation  to  develop  a  set  of  lessons  learned  from 
previous  submarine  programs  that  could  help  inform  future  program 
managers.  The  research  examined  the  Ohio,  Seawolf  and  Virginia  pro¬ 
grams  of  the  United  States;  the  Astute  program  of  the  United  Kingdom 
(UK),  and  the  Collins  program  of  Australia.  We  developed  the  lessons 
from  those  programs  through  an  extensive  review  of  the  appropriate 
literature  in  addition  to  numerous  interviews  with  government  and 
private-sector  personnel  involved  in  the  programs. 

When  considering  the  lessons  from  the  five  programs,  we  must 
remember  that  the  programs  were  conducted  in  different  threat  and 
budget  environments  and  with  evolving  industrial  bases  for  designing 
and  building  the  submarines.  Decisions  were  made  based  on  the  envi¬ 
ronment  at  the  time,  so  decisions  varied  by  country  and  by  program. 
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It  is  also  difficult  to  judge  the  success  or  failure  of  program  decisions. 
Views  change  during  the  conduct  of  a  program  and  are  based  on  the 
perspective  of  individuals.  The  important  point  is  that  the  decisions 
were  not  necessarily  “good”  or  “bad.”  Rather,  they  were  or  were  not 
fully  informed  by  knowledge  of  the  risks  and  consequences. 

Some  lessons  are  unique  to  specific  programs;  others  are  unique 
to  specific  countries.  We  have  tried  to  identify  lessons  that  apply  to  all 
programs  and  all  countries.  In  some  cases,  lessons  have  been  identi¬ 
fied  but  not  really  learned.  In  other  cases,  lessons  have  been  learned 
but  forgotten  (or  ignored).  Not  only  must  the  United  States,  the  UK, 
and  Australia  identify  appropriate  lessons,  they  must  also  heed  and 
remember  them.  Since  cost  is  typically  the  metric  for  judging  program 
success,  the  majority  of  the  lessons  focus  on  controlling  program  costs. 


Top-Level  Strategic  Lessons 

The  top-level  strategic  lessons  apply  across  all  programs  and  are  appro¬ 
priate  for  the  principal  submarine  organizations  in  the  government: 

•  Ensure  the  stability  of  the  program. 

•  Be  an  intelligent  and  informed  partner  in  the  submarine  enterprise. 

•  Establish  the  roles  and  responsibilities  of  the  government  and  pri¬ 
vate-sector  organizations. 

•  Develop  knowledgeable  and  experienced  managers. 

•  Take  a  long-term,  strategic  view  of  the  submarine  force  and  the 
industrial  base. 

•  Involve  all  appropriate  organizations  in  any  new  program. 

•  Adequately  support  a  new  program  and  make  it  open  and  trans¬ 
parent  to  all. 


Lessons  When  Setting  Operational  Requirements 

Setting  the  operational  requirements  will  determine  the  amount  of 
technology  risk  in  a  new  program.  Understanding  the  cost  and  sched- 


Summary  xi 


ule  impacts  of  using  different  technologies  or  extending  operational 
requirements  is  important  for  making  informed  decisions.  Important 
lessons  include  the  following: 

•  Remember  that  the  submarine  is  an  integration  of  various  systems. 

•  Understand  the  current  state  of  technology  to  control  program 
risks. 

•  Involve  all  appropriate  organizations  when  setting  operational 
requirements. 

•  Clearly  state  operational  requirements  as  a  set  of  performance 
goals. 

•  Determine  how  to  test  for  the  achievement  of  desired  operational 
requirements. 


Lessons  When  Establishing  an  Acquisition  and 
Contracting  Environment 

An  interactive  relationship  between  the  government  and  the  prime  con¬ 
tractor  is  necessary  for  the  success  of  a  program.  Key  lessons  for  estab¬ 
lishing  an  effective  acquisition  and  contracting  environment  include 
the  following: 

•  Consider  a  single  design/build  contract  for  the  hrst-of-class. 

•  Use  a  contract  structure  with  provisions  for  handling  program 
risks  and  incentivizing  the  contractor  to  achieve  cost,  schedule, 
and  performance  goals. 

•  Develop  realistic  cost  and  schedule  estimates. 

•  Decide  on  government-furnished  equipment. 

•  Develop  a  timely  decisionmaking  process  to  manage  change. 

•  Establish  an  agreed-upon  tracking  mechanism  and  payment 
schedule. 

•  Include  an  adequate  contingency  pool. 
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Lessons  When  Designing  and  Building  the  Submarine 

To  some  degree,  lessons  for  the  design/build  process  overlap  the  lessons 
that  emerged  from  the  programs’  earlier  stages.  These  lessons  include 
the  following: 

•  Involve  builders,  maintainers,  operators,  and  the  technical  com¬ 
munity  in  the  design  process. 

•  Complete  the  majority  of  the  design  drawings  before  the  start  of 
construction. 

•  Ensure  sufficient  oversight  at  the  design  and  build  organization. 

•  Specify  and  manage  adequate  design  margins. 

•  Develop  an  integrated  master  plan  for  design  and  build. 

•  Track  progress  during  the  design/build  process. 

•  Design  for  removal  and  replacement  of  equipment. 

•  Conduct  a  thorough  and  adequate  test  program. 


Lessons  When  Establishing  an  Integrated  Logistics 
Support  Plan 

Operating  and  supporting  new  submarines  after  they  enter  service 
account  for  the  vast  majority  of  their  total  ownership  costs.  Therefore, 
it  is  imperative  to  establish  an  integrated  logistics  support  (ILS)  plan 
for  the  new  submarines. 

•  Establish  a  strategic  plan  for  ILS  during  the  design  phase. 

•  Consider  ILS  from  a  navy-wide  perspective  rather  than  a  pro¬ 
gram-specific  vantage  point. 

•  Establish  a  planning  yard  function  and  a  maintenance  and  reli¬ 
ability  database. 

•  Plan  for  crew  training  and  transition  to  the  fleet. 

•  Maintain  adequate  funding  to  develop  and  execute  the  ILS  plan. 
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CHAPTER  ONE 


Introduction 


Lessons  from  past  experiences  are  an  important  tool  in  preparing 
managers  to  successfully  lead  future  programs.  This  is  especially  true  for 
managing  complex  military  programs  governed  by  rules,  regulations, 
procedures,  and  relationships  not  typically  found  in  commercial 
projects.  In  the  past,  new  programs  started  frequently,  giving  junior- 
level  managers  the  opportunity  to  gain  experience  and  preparing  them 
for  more  senior  management  roles  in  future  programs.  However,  because 
current  naval  platforms  now  have  longer  operational  lives  and  defense 
budgets  are  more  constrained,  the  time  between  new  program  starts  has 
lengthened.  Managers  of  new  programs  often  do  not  have  the  benefits 
of  experience  gained  on  previous  programs.  In  this  environment,  it  is 
important  that  lessons,  both  good  and  bad,  from  previous  programs 
be  captured  and  provided  to  future  program  managers,  senior  navy1 
decisionmakers,  and  technical  resource  managers. 

Recognizing  the  need  to  document  lessons  from  past  programs 
to  provide  insights  for  future  program  managers,  the  submarine 
organizations  of  the  United  States,  the  United  Kingdom  (UK),  and 
Australia  asked  the  RAND  Corporation  to  codify  lessons  learned 
from  past  submarine  design  and  acquisition  programs.  The  research 
examined  the  Ohio ,  Seawolf,  and  Virginia  programs  of  the  United 
States;  the  Astute  program  of  the  United  Kingdom;  and  the  Collins 


1  Throughout  this  document,  we  capitalize  the  word  “Navy”  whenever  we  refer  to  the 
U.S.  Navy  or  to  a  specific  country’s  naval  force  (such  as  the  Royal  Navy).  We  lowercase  the 
word  when  we  are  referring  generically  to  several  countries’  naval  forces  or  to  naval  forces  in 
general. 
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program  of  Australia.  This  volume  summarizes  the  lessons  across 
those  five  programs.2  In  it,  we  develop  lessons  identified  both  in 
previous  reports  on  the  various  programs  and  in  numerous  interviews 
that  RAND  conducted  with  past  submarine  program  managers  and 
submarine  personnel  at  military  and  government  organizations,  as  well 
as  at  private-sector  organizations  that  design  and  build  submarines  in 
the  three  countries.  We  were  particularly  interested  in 

•  how  political,  budget,  and  operational  environments  influenced 
decisions  made  during  the  program 

•  how  operational  requirements  guided  the  design  and  related  to 
the  technologies  available  at  the  time 

•  the  contracting  and  acquisition  processes  used  during  the  program 

•  how  the  private-sector  industrial  base  that  designs,  builds,  and 
maintains  submarines  and  their  systems  changed  over  time 

•  the  interactions  between  the  government  and  naval  organizations 
and  the  shipbuilding  industrial  base 

•  how  integrated  logistics  support  (ILS)  plans  were  developed 
during  the  design  and  construction  of  the  submarines  to  support 
the  new  submarines  after  they  entered  service 

•  how  other  issues,  both  internal  to  the  program  and  external,  influ¬ 
enced  decisions  and  outcomes. 

The  lessons  we  strive  to  identify  are  managerial  in  nature,  not 
technical.  For  example,  we  do  not  focus  on  why  a  specific  valve  or 
pump  was  chosen  but  rather  on  how  the  program  was  managed,  the 
issues  that  affected  management  decisions,  and  the  outcome  of  those 
decisions. 


Country  Differences 

The  three  countries  have  different  histories  in  new  submarine  programs 
for  their  naval  forces.  The  United  States  and  the  UK  have  designed 


2  See  Schank  et  al.,  2011a,  2011b,  and  2011c. 
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and  built  numerous  classes  of  conventional  and  nuclear  powered  sub¬ 
marines  over  the  last  century.  The  United  States  currently  operates 
the  Los  Angeles,  Seawolf,  and  Virginia  classes  of  nuclear  attack  subma¬ 
rines  (SSNs)  and  the  Ohio  class  of  nuclear  ballistic  missile  submarines 
(SSBNs).3  Virginia- class  submarines  are  currently  being  built,  and  the 
United  States  is  starting  the  design  effort  for  a  new  submarine  to  replace 
the  Ohio- class  SSBNs  (named  the  Ohio  Replacement  Program).  Key 
for  the  United  States  was  the  continuous  stream  of  new  programs.  The 
UK  operates  the  Trafalgar  and  most  recently  Astute- class  SSNs  and 
Vanguard- class  SSBNs.  The  UK  is  currently  building  additional  sub¬ 
marines  in  the  Astute  class  and  is  starting  the  design  effort  to  replace 
the  Vanguard- class  SSBNs  (named  the  Successor  program).  As  we  will 
describe,  there  was  a  substantial  gap  between  the  design  and  build  of 
the  Vanguard  class  and  the  start  of  building  the  Astute  submarines. 
After  operating  submarines  built  in  the  UK  for  several  decades,  Aus¬ 
tralia  built  the  Collins.  Based  on  a  Swedish  design,  it  is  the  first  class  of 
submarines  built  in  Australia,  and  the  Royal  Australian  Navy  (RAN) 
operates  six  of  the  conventionally  powered  vessels.  Australia  is  start¬ 
ing  the  process  of  defining  a  new  class  of  submarines  (named  the  SEA 
1000  program)  to  replace  the  Collins  class.  Defense  leaders  there  have 
not  yet  determined  whether  the  SEA  1000  will  be  an  Australian  design 
or  be  based  on  the  design  of  another  country. 

The  industrial  base  that  designs  and  builds  submarines  is  also  dif¬ 
ferent  in  each  country.  General  Dynamics  Electric  Boat  and  Hunting- 
ton  Ingalls  Industries-Newport  News  Shipbuilding4  have  designed 
and  built  U.S.  submarines  for  several  decades.  The  two  companies, 
once  competitors,  now  share  in  the  build  of  the  Virginia  class  and  will 
most  likely  team  for  at  least  the  design  of  the  new  SSBNs.  The  UK 
shipyard  at  Barrow,  now  owned  by  BAE  Systems,  has  built  the  vast 
majority  of  UK  submarines.  However,  before  Astute,  the  initial  phases 
of  design  were  accomplished  by  government  and  naval  organizations, 


3  The  United  States  also  operates  four  Ohio- class  submarines  that  were  converted  from 
SSBNs  to  nuclear  cruise  missile  submarines  (SSGNs). 

4  Northrop  Grumman  spun  off  its  shipbuilding  sector  in  March  2011,  forming  the  new 
Huntington  Ingalls  Industries. 
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and  the  shipyard  then  turned  the  contract  designs  into  the  detailed 
design  products  needed  for  construction.  That  process  changed  for 
Astute ,  with  the  prime  contractor  becoming  responsible  for  all  phases  of 
the  design  effort.  Also,  the  ownership  of  the  Barrow  shipyard  changed 
hands  twice  during  the  Astute  program.  Australia  established  the  Aus¬ 
tralian  Submarine  Corporation  (ASC)  to  design,  build,  and  provide 
in-service  support  for  the  Collins  class  and  developed  a  greenfield  site 
for  the  construction  and  deep  maintenance  of  the  submarines.  It  is  yet 
unclear  what  role  ASC  will  play  in  the  SEA  1000  program. 


Differing  Threat  Environments 

The  five  programs  we  examined  were  conducted  in  differing  environ¬ 
ments.  The  Ohio  program  faced  the  Soviet  threats  of  the  Cold  War.  The 
Seawolf  Astute ,  and  Collins  programs  started  during  the  Cold  War  but 
saw  their  end  before  the  submarines  were  built.  The  Virginia  is  a  post- 
Cold  War  program.  The  budget  environment  has  also  changed  over  the 
past  30  years.  The  large  submarine  force  structures  of  the  United  States 
and  the  UK  have  been  dramatically  reduced,  and  the  funding  avail¬ 
able  for  defense  projects  has  become  constrained.  Finally,  the  industrial 
base  for  designing  and  building  submarines  has  significantly  changed 
in  the  United  States  and  the  UK.  The  design  and  construction  indus¬ 
trial  base  created  in  Australia  to  build  Collins  has  now  evolved  into  a 
maintenance  and  repair  industrial  base. 

Decisions  on  the  required  operational  capability  and  the  conduct 
of  a  new  submarine  program  are  made  in  the  context  of  the  environ¬ 
ment  at  the  time.  Therefore,  decisions  viewed  as  appropriate  for  one 
program  may  appear  inappropriate  for  another.  Also,  decisions  vary  by 
country.  One  country  may  choose  a  certain  path  for  a  new  program  for 
any  number  of  reasons;  another  country,  for  equally  valid  reasons,  may 
choose  a  different  path.  The  important  point  is  that  decisions  made 
during  the  conduct  of  a  new  program  are  not  necessarily  good  or  bad; 
however,  decisionmakers  may  not  have  been  adequately  informed  or 
may  have  underestimated  the  impact  of  various  factors. 
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Other  Considerations 

For  many  reasons,  it  is  often  very  difficult  to  judge  the  success  of  a 
specific  program.  Success  can  be  measured  in  performance,  cost,  or 
schedule  terms;  one  person’s  view  of  success  can  differ  greatly  from  the 
views  of  others.  Also,  early  “failures”  can  turn  out  to  be  “successes.”  For 
example,  all  five  programs  had  tenuous  beginnings  with  cost  and  sched¬ 
ule  problems.  Yet  some,  such  as  the  Virginia ,  are  viewed  as  successful. 
It  is  even  more  difficult  to  identify  the  specific  actions  or  decisions  that 
contributed  to  success  or  non-success;  in  any  program,  many  factors 
interact.  We  had  to  keep  this  interaction  in  mind  as  we  sorted  through 
the  lessons  of  the  programs,  and  future  program  managers  should  also 
bear  it  in  mind  as  they  face  the  challenges  of  a  new  program. 

Some  lessons  are  specific  to  programs;  others  are  specific  to  coun¬ 
tries.  We  try  to  define  lessons  that  apply  to  all  programs  and  countries, 
noting  where  the  lesson,  or  the  decisions  based  on  the  lesson,  may  vary 
for  different  programs  or  different  countries.  Also,  although  the  lessons 
are  based  on  submarine  programs,  we  believe  they  are  equally  valuable 
to  leaders  and  managers  of  future  surface  ship  programs. 

In  this  document,  we  distinguish  between  government  and 
private-sector  organizations.  Government  includes  the  military  and 
civilian  organizations  that  make  decisions  on  managing  and  funding 
submarine  programs.  In  the  United  States,  the  U.S.  Navy  manages  a 
program  and  signs  contracts  with  the  private  sector  to  design  and  build 
submarines.  The  U.S.  Navy  must  interact  with  civilian  organizations 
within  the  Office  of  the  Secretary  of  Defense  and  the  Congress.  Pro¬ 
gram  managers  are  typically  naval  officers.  In  the  UK,  the  Defence 
Equipment  and  Support  organization  (referred  to  as  Customer  One) 
buys  submarines  and  provides  them  to  the  Royal  Navy  (referred  to  as 
Customer  Two).  Programs  are  typically  managed  by  civilians.  In  Aus¬ 
tralia,  the  Ministry  of  Defence  contracts  with  the  private  sector  and 
provides  new  submarines  to  the  Royal  Australian  Navy.  Programs  are 
managed  by  either  military  or  civilian  personnel.  Private-sector  organi¬ 
zations  include  the  firms  that  design  and  build  the  submarines  as  well 
as  the  various  vendors  that  provide  services  and  products  to  a  subma¬ 
rine  program. 
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Controlling  Program  Cost 

Program  managers,  both  in  the  government  and  the  private  sector, 
strive  for  successful  programs.  Success  is  often  measured  using  cost, 
schedule,  and  performance  metrics;  the  acquisition  cost  of  the  program 
is  typically  the  primary  focus.  The  majority  of  the  lessons  from  the  five 
programs  focus  on  controlling  program  costs.  Cost  management  must 
occur  throughout  a  program,  from  the  early  stages  of  concept  develop¬ 
ment  through  the  operational  life  of  the  submarine. 

Early  estimates  of  program  cost  are  always  preliminary  and  typi¬ 
cally  have  a  large  degree  of  uncertainty.  But  these  early  cost  estimates 
tend  to  “stick”  with  a  program  throughout  its  life.  Therefore,  both  the 
government  and  the  private  sector  should  develop  early  estimates  of 
program  costs  that  are  informed  by  all  relevant  historical  data  and  that 
account  for  various  program  risks.  Early  cost  estimates  should  also 
consider  the  status  of  the  industrial  base  and  how  well  it  is  positioned 
to  meet  program  demands. 

The  desired  operational  requirements  for  the  new  submarine 
directly  affect  design  and  construction  costs.  An  increase  in  desired  per¬ 
formance  typically  introduces  more  technical  risk  in  a  program,  lead¬ 
ing  to  increased  costs.  The  government  must  understand  the  relation¬ 
ships  between  desired  performance  and  cost  and  set  goals  that  should 
keep  the  program  within  cost  constraints.  The  government  should  also 
use  the  contracting  structure  to  incentivize  private-sector  contractors 
to  design  and  build  the  submarine  in  the  most  cost-effective  manner. 

Controlling  costs  is  most  important  during  the  design/build  pro¬ 
cess.  An  integrated  master  schedule  should  define  the  key  milestones 
and  tasks  from  initial  design  to  delivery  of  the  platform.  The  start  of 
construction  should  be  keyed  to  the  completion  of  a  large  percentage 
of  the  design  drawings.  Therefore,  it  is  important  to  tightly  control  any 
changes  to  the  design  products  once  they  are  developed.  But  it  is  often 
better  to  extend  the  schedule  by  delaying  the  start  of  construction  than 
to  start  the  build  of  the  submarine  before  the  design  is  set  and  risk 
future  cost  increases  due  to  necessary  rework. 

The  acquisition  cost  of  the  platform  is  typically  the  metric  by 
which  programs  are  judged.  However,  the  initial  acquisition  cost  is 
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usually  far  less  than  the  operating  and  support  costs  over  the  life  of 
the  submarine.  Program  managers  must  weigh  the  trade-offs  between 
initial  design  and  construction  costs  and  the  total  ownership  costs  over 
the  life  of  the  program. 

We  do  not  intend  to  suggest  what  a  new  submarine  design  and 
construction  program  should  cost;  program  costs  are  based  on  many 
factors.  We  do,  however,  hope  that  the  lessons  set  forth  here  can  inform 
future  program  managers  on  how  best  to  control  costs. 


Organization  of  This  Document 

To  be  useful,  lessons  should  be  categorized  along  different  dimensions, 
although  many  of  the  lessons  run  through  whatever  categorization  is 
used.  Chapter  Two  summarizes  lessons  that  are  top-level  or  strategic  in 
nature  versus  program-specific.  Chapter  Three  provides  lessons  that  are 
appropriate  for  setting  the  requirements  for  a  new  submarine.  Chapter 
Four  provides  lessons  for  establishing  the  acquisition  environment  and 
contracting  details  of  a  new  program.  Chapter  Five  summarizes  lessons 
that  apply  during  the  design  and  build  of  the  new  submarine,  and 
Chapter  Six  addresses  lessons  for  planning  integrated  logistics  support. 
Chapter  Seven  summarizes  the  key  lessons  for  future  submarine 
program  managers. 


CHAPTER  TWO 


Top-Level  Strategic  Lessons 


The  lessons  in  this  chapter  are  appropriate  for  the  top-level  manage¬ 
ment  of  all  submarine  programs.  They  are  applicable  to  the  U.S.  Navy, 
the  UK  Defence  Equipment  and  Support  organization,  and  the  Aus¬ 
tralian  Department  of  Defence.  These  top-level  lessons  go  beyond  a 
single  program  or  a  single  point  in  time  and  stress  the  long-term  view 
of  a  nation’s  overall  submarine  enterprise. 


Ensure  the  Stability  of  the  Program 

One  overarching  lesson  from  the  various  programs  is  the  importance 
of  program  stability.  It  is  key  to  a  program’s  success.  Stability  applies 
in  many  areas — consistent  funding,  a  long-term  build  strategy,  fixed 
operational  requirements,  stable  and  capable  program  management, 
and  an  integrated  partnership  between  the  navy  and  the  shipbuild¬ 
ers.  Program  stability  is  not  sufficient  for  program  success,  but  it  cer¬ 
tainly  is  a  necessary  attribute  that  greatly  contributes  to  the  success  of 
a  program. 


Be  an  Intelligent  and  Informed  Partner  in  the  Submarine 
Enterprise 

The  most  important  lesson  from  a  strategic  perspective  is  that  the 
government,  like  consumers  of  all  products,  must  be  intelligent  and 
informed  in  its  dealings  with  the  private-sector  organizations  for  the 
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design,  build,  and  support  of  naval  submarines.  We  avoid  the  term 
“customer”  with  this  lesson,  since  the  countries  now  recognize  that 
they  are  partners  with  the  private  sector  rather  than  adversaries. 

This  lesson  is  most  appropriate  for  the  UK  and  Australia,  although 
it  should  not  be  forgotten  by  the  U.S.  Navy.  The  UK’s  Ministry  of 
Defence  (MOD),  which,  before  the  Astute  program  had  maintained 
significant  technical  resources  to  provide  knowledge,  expertise,  and 
oversight  for  new  submarine  design  and  build  programs,  lost  much  of 
that  capability  when  it  dramatically  reduced  or  eliminated  government 
organizations  and  transferred  responsibilities  to  the  private  sector.  Its 
“eyes  on,  hands  off”  philosophy,  partially  motivated  by  the  contracting 
environment,  did  not  work  as  planned  and  left  it  blind  to  the  prob¬ 
lems  being  faced  by  the  prime  contractor  in  developing  the  design 
and  building  the  submarines.  It  has  since  recognized  the  fallacy  of  not 
being  an  informed  partner  in  the  Astute  program  and  has  started  to 
rebuild  lost  capabilities. 

Inasmuch  as  the  Collins  represented  Australia’s  first  domestically 
built  submarine,  Australia  neither  fully  understood  nor  was  fully  pre¬ 
pared  for  the  responsibilities  of  being  a  parent  navy.1  Previously,  the 
UK  had  designed  and  built  the  submarines  operated  by  the  RAN  and 
provided  the  majority  of  the  maintenance  planning  and  spare  parts 
for  those  submarines,  but  the  Collins  presented  a  new  environment  in 
which  Australia  was  the  only  operator  of  the  vessel.  For  the  first  time, 
the  government  had  to  assume  responsibility  both  for  the  build  of  the 
submarines  and  their  logistics  support  once  they  entered  service.  In 
the  future,  Australia  must  continue  to  build  its  technical  and  over¬ 
sight  resources  to  successfully  manage  new  submarine  programs  and 
the  support  of  the  Collins  class. 

The  U.S.  Navy  has  typically  been  a  technically  knowledgeable 
and  experienced  organization  when  managing  submarine  programs, 
and  it  has  used  the  combined  resources  of  its  various  commands  and 
laboratories  to  guide  and  inform  those  programs.  But  when  the  Cold 


1  A  parent  navy  operates  and  supports  a  submarine  that  was  largely  designed  and  built 
in-country.  Typically,  that  country  is  the  only  country  that  has  that  submarine  in  its  force 
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War  ended,  funding  constraints  resulted  in  a  reduction  in  personnel 
resources  at  the  Naval  Sea  System  Command  and  the  various  sub¬ 
marine  centers  of  excellence.  This  reduction  in  technical  resources 
presented  challenges  for  the  U.S.  Navy  in  continuing  its  role  as  an 
informed  customer.  It  is  now  rebuilding  much  of  this  lost  capability. 

For  the  government  to  be  an  intelligent  partner,  its  organizations 
need  the  support  of  experienced  technical  personnel.  Both  the  civilian 
and  military  sides  of  government  should  fund  centers  of  knowledge 
and  expertise  in  areas  such  as  hull  dynamics,  propulsion  systems,  sig¬ 
natures,  combat  and  communications  systems,  and  safety  of  opera¬ 
tions.  Many,  if  not  all,  of  these  knowledge  centers  should  be  in  the 
government;  however,  academia  and  the  private  sector  can  augment  or 
substitute  in  some  technical  areas. 

To  be  an  informed  partner,  the  government  must  also  under¬ 
stand  past  and  current  costs  for  the  design  and  build  of  submarines 
and  be  able  to  adequately  estimate  the  cost  of  future  submarine 
design  and  build  options.  The  government  needs  to  understand  what 
factors  drive  costs  and  how  different  technical  or  managerial  decisions 
can  affect  those  costs.  Collecting  and  organizing  historical  cost  data, 
using  the  data  to  project  future  costs,  and  developing  internal  cost  esti¬ 
mating  capabilities  should  be  improved  in  the  three  countries  to  vary¬ 
ing  degrees. 

Maintaining  adequate  technical  resources  will  be  challenging  for 
all  three  countries.  Defense  budgets  will  continue  to  face  pressure,  and 
gaps  may  exist  between  new  submarine  program  starts.  Each  coun¬ 
try  must  determine  how  best  to  meet  those  challenges  but  must  also 
remember  that  some  level  of  technical  support  funding  is  needed  to 
manage  the  maintenance  and  modernization  of  in-service  submarines. 
Being  an  informed  customer  also  requires  some  level  of  pure  technol¬ 
ogy  funding  when  new  systems  and  processes  are  explored.  As  allies, 
the  three  countries  should  also  discuss  how  best  to  integrate  and  share 
their  technical  resources. 

In  addition  to  the  aspects  discussed  above,  the  following  lessons 
will  also  help  the  government  be  an  intelligent  and  informed  partner 
in  the  submarine  enterprise. 
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Establish  the  Roles  and  Responsibilities  of  the 
Government  and  Private-Sector  Organizations 

The  various  roles  and  responsibilities  in  a  new  program  basically  come 
down  to  who  should  assume  any  risks  that  may  arise.  Assuming  risks 
should  result  in  decisionmaking  authority.  The  specific  roles  and 
responsibilities  of  the  government  and  private  sector  and  the  locus  of 
the  final  decision  authority  in  various  areas  must  be  firmly  established 
at  the  start  of  a  new  program.  The  responsibility  for  different  risks 
should  remain  constant  from  program  to  program  so  that  all  organiza¬ 
tions  clearly  understand  how  a  new  program  will  be  conducted.  How¬ 
ever,  there  may  be  circumstances  that  suggest  moving  responsibility 
for  certain  risks  from  the  government  to  the  private  sector.  Any  such 
changes  should  be  informed  by  a  thorough  analysis  of  how  they  might 
alter  responsibilities  and  by  a  clear  plan  for  the  transition.  Changes 
need  to  be  adequately  funded  and  the  entities  performing  the  activities 
need  to  be  fully  qualified  to  implement  the  changes. 

The  U.S.  Navy  has  established  clear  roles  and  responsibilities  with 
the  private  sector,  which  have  changed  slightly  over  time.  Prior  to  the 
Ohio  program,  the  U.S.  Navy  played  the  primary  role  in  developing 
conceptual  and  preliminary  designs.  Due  to  the  drawdown  in  the  U.S. 
Navy’s  technical  resources,  the  private  sector  now  plays  the  main  role 
in  developing  the  early  designs  for  a  new  submarine. 

Australia  had  to  address  this  issue  for  the  first  time  in  the  Collins 
program.  As  would  be  expected  with  a  complex  program  undertaken 
for  the  first  time,  it  proved  difficult  to  determine  which  party  had 
responsibility  for  certain  risks  and  where  final  decisionmaking  author¬ 
ity  on  design  and  build  issues  should  reside.  With  the  Collins  experi¬ 
ence  as  a  guide,  Australia  seems  better  positioned  to  establish  proper 
roles  and  responsibilities  for  the  SEA  1000  program. 

The  UK  experienced  a  major  change  in  the  responsibility  for 
certain  risks  at  the  beginning  of  the  Astute  program.  Due  to  pressure 
to  reduce  the  government’s  costs  for  running  a  new  program  and  the 
belief  that  the  private  sector  could  accomplish  certain  tasks  at  lower 
cost,  many  responsibilities  previously  held  by  government  were  trans- 
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ferred  to  the  private  sector.  For  example,  the  role  of  design  authority,2 
which  had  been  filled  by  the  MOD  in  previous  programs,  was  assigned 
to  the  prime  contractor.  This  was  not  necessarily  a  bad  decision.  The 
problem  was  that  the  private  sector  was  ill  prepared  to  assume  this 
new  role,  and  the  two  sides  did  not  develop  a  plan  for  the  transfer  of 
responsibilities.  Also,  the  MOD  assumed  that  it  could  stand  back,  let 
the  prime  contractor  make  key  decisions  on  options,  and  pick  up  a 
submarine  that  met  the  requirements  when  the  prime  contractor  had 
finished  construction  and  testing.  It  adopted  an  “eyes  on,  hands  off” 
policy  (although  with  the  drawdown  of  oversight  resources  at  the  ship¬ 
yard,  the  MOD  effectively  lost  an  “eyes  on”  capability).3  The  MOD  has 
recognized  the  problems  caused  by  transferring  design  authority  to  the 
prime  contractor,  and  it  will  assume  the  design  authority  role  when  the 
first  three  submarines  enter  service  and  for  the  build  of  the  remaining 
submarines  in  the  class. 

The  key  issue  with  assuming  responsibilities  is  being  proactive  in 
managing  risks.  The  government  must  identify  where  risks  exist  and 
develop  a  plan  to  mitigate  those  risks.  And  risks  must  be  managed 
throughout  the  program — from  the  initial  setting  of  requirements 
through  the  design  and  build  of  the  submarine,  to  the  acceptance  of 
the  submarine  by  the  government. 


2  There  are  various  “authorities”  in  a  new  program.  For  example,  the  U.S.  Navy  distin¬ 
guishes  between  design  authority  and  technical  authority.  The  design  authority’s  role  is  to 
forward  to  the  designer  the  design  specifications  or  rules.  These  are  usually  based  upon  the 
submarine  concept  selected  from  the  concept  studies  that  preceded  the  design  effort.  The 
design  authority  must  be  consulted  and  approve  any  proposed  changes  to  the  design  speci¬ 
fications.  In  contrast,  the  technical  authority  is  the  subject  matter  expert  in  various  areas, 
such  as  the  submarine  hull,  mechanical  and  electrical  engineering,  submarine  safety,  and 
ship  design  and  engineering.  The  technical  authority  is  responsible  for  establishing  technical 
standards  in  each  area  and  evaluating  the  risk  if  a  design  does  not  conform  with  technical 
standards  during  design  and  construction.  To  be  effective,  the  design  and  technical  authority 
roles  require  skilled  and  experienced  staff  who  have  predominantly  technical  and  engineer¬ 
ing  expertise. 

3  The  fixed-price  contract  for  the  Astute  program  also  tied  the  hands  of  the  MOD.  The 
MOD  was  reluctant  to  impose  conditions  or  mandate  changes  to  the  design  of  the  submarine 
for  fear  it  would  lead  to  cost  increases. 
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Certain  risks  remain  the  sole  responsibility  of  the  government. 
These  include  obtaining  the  desired  military  performance  from  the 
new  submarine  and  ensuring  safety  of  operations.  The  government 
should  also  strive  to  deliver  the  overall  program  on  time  and  within 
budget.  It  shares  this  risk  with  the  prime  contractor  and  must  use  all 
available  tools  to  monitor  contract  performance,  interact  with  the  con¬ 
tractor,  and  optimally  incentivize  the  builder  to  meet  schedule  and  cost 
milestones.4 

Because  it  always  will  need  to  shoulder  certain  risks,  the  govern¬ 
ment  should  assume  the  following  responsibilities: 

•  Set  the  operational  requirements  for  the  new  submarine  by  work¬ 
ing  with  industry,  the  navy,  and  other  stakeholders. 

•  Assess  safety  and  technical  issues  in  accordance  with  the  govern¬ 
ment’s  policy  on  safety  risks. 

•  Oversee  and  monitor  the  design  process  to  ensure  requirements 
and  standards  are  met  and,  when  necessary,  provide  concessions 
to  those  requirements. 

•  Oversee  and  monitor  the  build  process  to  ensure  that  the  subma¬ 
rines  are  delivered  on  schedule  and  at  projected  cost. 

•  Ensure  submarine  construction  quality  and  acceptability  by 
developing  a  testing,  commissioning,  and  acceptance  process  so 
that  the  submarines  are  delivered  to  the  contract  specifications 
and  requirements. 

•  Ensure  through-life  submarine  safety  and  maintenance  and  post¬ 
delivery  control  of  the  design  and  construction  of  the  submarines 
in  the  class. 

•  Ensure  that  the  model  for  logistics  support  fits  the  country’s  cur¬ 
rent  and  projected  infrastructure  for  maintaining  its  ships  and 
submarines. 


4  The  prime  contractor  also  faces  risks  if  it  does  not  efficiently  deliver  a  cost-effective  sub- 
marine;  however,  while  the  prime  contractor  may  go  out  of  business,  the  government  is  still 
responsible  for  the  defense  of  the  nation.  Also,  there  are  risks  to  the  prime  contractor  if  the 
submarine  is  unsafe,  but  the  government  is  ultimately  responsible  for  the  health  and  well¬ 
being  of  the  sailors. 
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As  an  example,  design  authority  responsibility  should  most  likely 
remain  with  the  government.  The  acceptance  of  the  ship  as  safe  for 
operations  is  the  responsibility  of  the  government.  It  must,  therefore, 
assume  the  risks  associated  with  the  design  authority  process. 

Overall,  the  government  and  the  private  sector  must  establish  an 
interactive  partnership  in  which  information  and  issues  flow  freely. 
Effective  interactions  will  help  the  government  better  understand  the 
product  it  will  receive  and  help  the  prime  contractor  develop  a  product 
that  better  fits  the  navy’s  needs.  In  some  cases,  the  government  must 
assume  risks;  in  other  cases,  the  prime  contractor  should  assume  them; 
finally,  in  many  cases,  risks  should  be  shared  between  the  government 
and  the  prime  contractor. 


Develop  Knowledgeable  and  Experienced  Managers 

Successful  programs  have  experienced  and  knowledgeable  people  in  key 
management,  oversight,  and  technical  positions.  Growing  future  pro¬ 
gram  managers  and  technical  personnel  within  the  civilian  and  mili¬ 
tary  branches  of  government  requires  planning  and  implementation  far 
in  advance  of  any  one  specific  program.  Promising  officers,  especially 
engineering  duty  officers,  and  civilian  personnel  must  be  identified 
early  in  their  careers  and  provided  suitable  education  and  assignments 
to  ongoing  programs  at  a  junior  management  level.  Assigning  people 
who  have  “earned  their  stripes”  on  one  program  is  critical  to  the  success 
of  the  next  program. 

Just  as  knowledgeable  and  experienced  people  are  needed  in  the 
government,  so  experience  and  knowledge  are  also  needed  at  the  prime 
contractor  and  major  subcontractors.  The  rapid  change  in  owner¬ 
ship  of  the  company  that  designed  and  built  the  vast  majority  of  the 
Royal  Navy’s  nuclear  submarines,  coupled  with  the  movement  of  key 
people  from  the  submarine  sector  to  other  career  fields,  resulted  in  a 
lack  of  experienced  managers  and  technicians  at  the  prime  contractor 
for  the  Astute  program.  The  government  should  encourage,  and  possi¬ 
bly  require,  that  the  prime  contractor  grow  and  maintain  experienced 
managers  and  technical  leaders. 
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Another  important  aspect  is  continuity  in  leadership  and  in  team 
composition.  Managers,  leaders,  and  team  members  in  the  government 
and  the  industrial  base  should  stay  in  a  program  long  enough  to  gain 
knowledge  of  the  program  and  maintain  its  goals.5  Frequent  changes 
in  leadership,  which  occurred  in  both  the  Astute  s  prime  contractor 
and  the  Collins’  prime  contractor  and  government  program  office,  can 
degrade  a  program  by  introducing  managers  with  different  goals  and 
strategies  from  those  of  their  predecessors.  Although  personnel  changes 
are  inevitable,  especially  for  military  personnel,  they  should  be  mini¬ 
mized  to  the  extent  possible,  and  when  new  government  or  private- 
sector  leaders  are  brought  into  a  program,  they  should  possess  knowl¬ 
edge  and  experience  similar  to  that  of  the  individuals  they  replace. 

Providing  early  experiences  for  future  program  managers  is  a 
challenge  for  Australia  inasmuch  as  the  Collins  program  has  been  the 
only  opportunity  for  civilians  and  military  personnel  to  gain  exper¬ 
tise.  Many  of  the  government  personnel  involved  with  the  Collins  have 
retired  or  are  reaching  the  end  of  their  careers.  It  will  be  important  for 
personnel  who  were  involved  with  the  Collins  program  to  be  assigned 
to  the  SEA  1000  program.  Australia  may  also  require  assistance  from 
allied  countries  and  their  submarine  design  and  build  organizations 
when  the  RAN’s  new  submarine  program  begins. 

The  UK  MOD  has  a  policy  of  growing  experienced  “generalists” 
to  manage  future  programs.6  Although  this  may  work  for  certain  man¬ 
agement  positions  where  experience  in  a  management  area  is  the  key 
requirement,  technical  “specialists”  must  also  be  grown  and  should 
gain  their  expertise  through  working  on  multiple  submarine  programs. 

Growing  knowledgeable  and  experienced  people  will  be  a  chal¬ 
lenge  in  the  future:  Budget  constraints  may  result  in  fewer  new  pro¬ 
grams  on  which  young  officers  can  gain  experience,  and  force  struc¬ 
ture  reductions  may  lead  to  a  smaller  pool  of  submarine  officers.  It  is 


5  The  UK’s  Smart  Acquisition  initiative  suggested  a  minimum  of  four  years  for  program 
assignments. 

^  For  example,  an  Army  brigadier  general  was  the  first  program  manager  for  the  Type  45 
air  warfare  destroyer  program  and  a  civilian  with  experience  in  commercial  shipbuilding 
was  one  of  the  early  program  managers  for  the  UK’s  Queen  Elizabeth— class  aircraft  carrier 
program. 
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therefore  important  that  the  civilian  and  military  branches  of  govern¬ 
ment  identify  the  most  promising  young  civilians  and  junior  officers 
for  future  management  positions  and  provide  learning  experiences  for 
them. 


Take  a  Long-Term,  Strategic  View  of  the  Submarine  Force 
and  the  Industrial  Base 

A  specific  program  is  only  one  step  in  developing  a  successful  military 
capability  and  sustaining  the  industrial  base  capacity  that  provides  and 
supports  that  capability.  The  government  must  take  a  long-term  view 
and  understand  how  a  specific  program  nurtures  and  feeds  the  overall 
strategic  plan  for  the  submarine  force. 

A  new  submarine  does  not  remain  static  once  it  is  delivered 
to  the  force.  Technologies  change,  new  capabilities  are  needed,  and 
new  threats  emerge  and  evolve.  These  evolutions  require  experienced 
designers  and  engineers  to  maintain  a  technology/capability  edge  and 
to  update  existing  platforms  with  new  technologies  and  new  capabili¬ 
ties.  In  the  United  States,  the  improved  Los  Angeles  class,  the  conver¬ 
sion  of  the  Ohio- class  SSBNs  to  SSGNs,  and  the  construction  of  the 
USS  Jimmy  Carter  are  examples  of  how  original  designs  were  modified 
for  new  missions  and  capabilities.  At  some  point,  new  classes  of  subma¬ 
rines  must  be  designed  and  constructed. 

Both  the  technical  community — the  civilian  and  military  engi¬ 
neering  directorates  and  laboratories,  test  centers,  and  centers  of  excel¬ 
lence  that  support  submarines — and  the  industrial  base  that  designs, 
builds,  and  maintains  submarines  must  be  sustained  at  some  level  so 
they  can  provide  the  required  capabilities  when  needed.  This  is  par¬ 
ticularly  important  for  the  submarine  industrial  base  because  subma¬ 
rine  design  and  construction  requires  specific  skills  that  cannot  be  sus¬ 
tained  by  surface  ship  programs.  Design/build  personnel  and  facilities 
in  the  private  sector  also  must  be  sustained  so  they  can  support  future 
submarine  design  efforts. 

Australia  developed  a  submarine  construction  capability  with  the 
creation  of  the  ASC.  But  the  country  had  no  plans  on  how  to  sus- 
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tain  that  capability  once  the  Collins  boats  were  built.  In  the  UK,  the 
substantial  gap  between  design  and  build  of  the  Vanguard  class  and 
the  start  of  the  Astute  program  was  a  big  contributor  to  the  problems 
faced  by  the  Astute  program.  This  led  to  a  situation  in  which  subma¬ 
rine  design  and  build  skills  atrophied  in  the  UK,  resulting  in  a  costlier 
and  lengthier  Astute  procurement  effort.  The  issue  is  not  that  the  gap 
should  have  been  avoided  but  that  the  MOD  neither  anticipated  the 
impact  of  the  gap  nor  factored  the  need  to  rebuild  its  industrial  base 
capability  into  the  cost  and  schedule  estimates. 

In  the  future,  there  are  likely  to  be  similar  gaps  due  to  constrained 
defense  budgets  and  the  long  operational  lives  of  submarines.  Gov¬ 
ernments  must  decide  at  what  level  to  sustain  sufficient  resources  and 
expertise  during  those  gaps  to  allow  reconstitution  when  needed.  There 
are  costs  and  benefits  of  sustaining  various  levels  of  skilled  and  expe¬ 
rienced  resources.7  In  addressing  these  options,  governments  must  be 
prepared  to  estimate  the  implications  of  a  gap  on  future  programs  as 
well  as  the  cost  of  sustaining  resources  during  a  gap. 

Sustaining  submarine  design,  build,  and  technical  support 
resources  will  be  a  challenge  in  the  future,  but  it  is  a  challenge  that 
governments  must  face.  Funding  and  supporting  concept  studies  for 
evolutions  of  existing  platforms  or  for  developing  new  classes  of  sub¬ 
marines  is  needed  to  sustain  and  nurture  these  key  design  resources. 
These  efforts  should  go  beyond  the  shipbuilders  to  include  major  ven¬ 
dors  that  support  submarine  design  and  construction.  The  history  of 
past  programs  reinforces  the  need  to  maintain  a  healthy  supply  base, 
especially  in  the  submarine  community,  where  many  skills  are  unique 
and  cannot  be  supported  by  surface  ship  programs.  Some  form  of  col¬ 
laboration  among  the  three  countries  may  be  a  viable  way  to  sustain 
design  and  construction  skills  that  could  be  available  when  needed  by 
any  of  the  countries. 


7  See  Schank  et  al.,  2005a,  2005b,  and  2007. 
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Involve  All  Appropriate  Organizations  in  a  New  Program 

The  program  and  the  procurement  agency  must  be  supported  by  ade¬ 
quate  technical,  operational,  and  management  expertise.  The  program 
must  have  people  from  the  fleet  with  experience  in  submarine  opera¬ 
tions  and  maintenance,  from  the  research  and  technical  community 
knowledgeable  in  the  areas  of  hull,  mechanical,  and  electrical  systems 
as  well  as  propulsion,  signature,  and  survivability  issues  and  from  the 
construction  shipyard(s)  that  understand  the  potential  problems  with 
building  certain  aspects  of  a  design  to  identify  risks  and  solutions  early 
and  throughout  the  program.  The  program  should  plan  on  spending 
the  time  necessary  to  ensure  that  the  program’s  philosophy  and  under- 
lying  principles  (e.g.,  cost  control  and  low  technical  risk)  are  clear  to  all 
participants  and  emplaced  at  all  levels.  In  addition,  the  program  man¬ 
ager  should  be  empowered  with  appropriate  decisionmaking  authority 
(e.g.,  for  change  control). 

One  criticism  of  the  Collins  program  was  the  absence  of  the  tech¬ 
nical  community  early  on.  Similarly,  the  UK’s  Astute  program  did  not 
involve  operators,  builders,  or  maintainers  to  an  appropriate  degree 
during  the  early  stages  of  the  program.  Some  of  the  problems  with 
these  programs  may  have  been  alleviated  if  they  had  used  a  design/ 
build  philosophy — involving  operators,  maintainers,  builders,  and  key 
suppliers — during  the  detailed  design  stages.  Early  involvement  of 
builders,  as  well  as  operators  and  maintainers,  not  only  helps  identify 
requirements  up  front  but  also  flags  potential  problems  and  their  pos¬ 
sible  solutions. 

Another  problem  often  mentioned  during  our  interviews  was 
the  lack  of  integration  of  the  appropriate  organizations  during  a  pro¬ 
gram.  Getting  the  right  organizations  and  personnel  involved  entails 
co-locating  people  from  the  scientific  community,  the  designer,  the 
builder,  the  operators,  and  the  maintainers.  This  fosters  engagement 
and  teamwork  among  all  parties.  That  said,  a  strong  program  manage¬ 
ment  structure  is  needed  to  oversee  and  adjudicate  the  interests  of  the 
different  groups.  Modern  communications  help  bring  people  together 
from  various  locations,  but  face-to-face  interactions  are  often  necessary 
for  effective  decisionmaking. 
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The  appropriate  people  and  organizations  in  the  U.S.  Con¬ 
gress,  the  UK  Ministry,  and  the  Australian  Parliament  should  also  be 
informed  of  programmatic  decisions  and  the  status  of  a  program.  This 
is  the  focus  of  our  next  lesson. 


Adequately  Support  a  New  Program  and  Make  It  Open 
and  Transparent  to  All 

A  new  submarine  program  needs  a  range  of  supporters  both  outside  the 
program  and  inside  government  and  the  submarine  community.  Politi¬ 
cal  support  is  most  important  for  the  advancement  of  a  new  acquisition 
program.  Without  the  support  of  the  politicians,  sufficient  funding 
may  not  be  available  to  adequately  conduct  the  program.  Support  must 
also  come  from  members  of  the  scientific  community  that  possess  the 
technical  knowledge  needed  to  make  informed  decisions  and  from  the 
public.  One  lesson  from  the  Collins  program  is  the  need  to  effectively 
manage  the  media;  the  bad  press  that  accompanied  the  Collins  effort 
still  taints  the  program  in  the  mind  of  the  general  public.  Finally,  sup¬ 
port  must  come  from  within  the  navy.  The  RAN  was  not  adequately 
supportive  during  the  early  stages  of  the  Collins  program. 

Full  disclosure  during  the  program  is  necessary  to  obtain  govern¬ 
ment,  industry,  and  public  support.  There  should  be  periodic  feedback 
to  government  decisionmakers  and  to  the  public  on  how  the  program 
is  progressing.  Such  feedback  is  especially  important  when  there  are 
unanticipated  problems.  In  this  regard,  a  good  media  management  pro¬ 
gram  is  necessary.  Effective  communications  with  the  press,  academia, 
and  government  must  be  proactive,  not  reactive.  Program  managers 
must  proactively  ensure  that  all  parties  are  well  informed  in  advance  of 
positive  and  negative  developments  and  their  associated  implications. 


CHAPTER  THREE 


Lessons  When  Setting  Operational  Requirements 


New  submarine  program  managers  should  seek  to  reduce  risks  to  the 
maximum  extent  possible.  In  this  regard,  an  important  aspect  of  a 
new  program  involves  decisions  made  early  in  the  program  about  the 
desired  operational  performance  of  the  new  submarine.  These  early 
decisions  influence  the  degree  of  technology  risk  for  the  program  and 
can  influence  the  likelihood  of  a  program’s  success  or  failure.  Pushing 
technology  frontiers  in  too  many  areas  will  make  it  more  risky  to  meet 
program  cost  and  schedule  goals. 

With  respect  to  technology,  the  United  States  and  the  UK  typi¬ 
cally  have  adopted  an  evolutionary  strategy  on  new  programs  rather 
than  a  revolutionary  approach  that  pushes  multiple  technology  areas. 
The  majority  of  new  submarine  classes  in  both  countries  have  used  the 
best  systems  available  at  the  time  to  progressively  improve  the  perfor¬ 
mance  of  existing  classes.  Often,  one  new  technology  area  was  included 
in  a  new  class,  thus  reducing  technology  risks.  There  have,  of  course, 
been  exceptions,  which  have  often  led  to  problems. 

The  U.S.  Seawolf  program  and  the  early  stages  of  the  UK  Astute 
program  (when  it  was  known  as  SSN20)  attempted  to  make  signifi¬ 
cant  gains  in  operational  performance  (higher  speeds,  lower  signatures, 
greater  diving  depths,  and  increased  payloads)  in  the  face  of  increased 
Soviet  capabilities  during  the  Cold  War.  The  Astute  program  scaled 
back  the  ambitious  gains  in  performance  when  the  Cold  War  ended 
and  returned  to  an  evolutionary  approach  that  utilized  various  systems 
from  the  existing  UK  classes  of  submarines  (with  the  SSN20  being 
renamed  Batch  2  Trafalgar  class).  However,  the  UK  MOD  and  the 
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prime  contractor  greatly  underestimated  the  effort  involved  in  integrat¬ 
ing  systems  from  various  existing  submarines.  The  United  States  went 
forward  with  the  Seawolf  program,  which  was  plagued  by  cost  and 
schedule  problems  resulting  from  having  to  develop  new  technologies 
to  meet  the  desired  gains  in  operational  performance.  The  program  was 
truncated  with  only  three  submarines  built. 

Although  Australia  had  no  experience  in  submarine  design  and 
build  prior  to  the  Collins,  that  program  also  attempted  to  significantly 
push  technology.  Collins  was  based  on  a  Swedish  design,  whose  size 
had  to  be  stretched  to  accommodate  the  platform’s  desired  operational 
requirements.  Although  small  increases  in  size  or  other  physical  capa¬ 
bilities  are  typically  achievable,  significant  increases  result  in  major 
design  changes.  Also,  the  combat  system  requirements  for  Collins  were 
well  beyond  the  computing  state  of  the  art  at  the  time.  The  combat 
system  was  a  major  problem  faced  by  the  Collins  program  and  was 
overcome  only  after  the  United  States  shared  its  combat  system  tech¬ 
nology  with  the  Australians.  On  the  positive  side  in  the  Collins  pro¬ 
gram  was  the  development  of  a  successful  state-of-the-art  ship  control 
system. 

Prototyping  is  a  second  method  programs  have  used  to  better 
understand  new  technologies  and  how  they  could  be  incorporated  into 
a  new  submarine  platform.  At  one  time,  programs  would  build  large 
wooden  mock-ups  of  the  new  submarine  to  check  for  clearances  and 
obstructions  that  were  not  readily  apparent  in  two-dimensional  draw¬ 
ings.  Three-dimensional  computer  assisted  design  software  tools  now 
allow  the  designers  and  builders  to  “see”  how  the  submarine  arrange¬ 
ments  and  cable  and  pipe  runs  interact  on  the  computer  without  build¬ 
ing  a  physical  mock-up.  However,  the  Virginia  and  Seawolf  programs 
used  prototyping  and  small  mockups  to  examine  the  technology  impli¬ 
cations  and  human  interfaces  of  new  systems.  In  the  United  States  and 
UK,  combat  systems  are  typically  prototyped  ashore  at  a  government 
or  contractor  facility  to  prove  concepts  and  test  the  integration  of  vari¬ 
ous  subsystems. 

This  chapter  presents  the  lessons  that  are  appropriate  when  set¬ 
ting  the  operational  requirements  for  a  new  class  of  submarines. 
Operational  requirements  include  not  only  performance  metrics  such 
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as  speed,  diving  depth,  and  signatures,  but  also  the  operational  avail¬ 
ability  of  the  platform  and  how  the  platform  will  be  operated.  The 
operational  requirements  for  a  new  platform  are  translated  to  perfor¬ 
mance  specifications,  which  lead  to  technology  choices  to  achieve  the 
desired  performance.  Technology  risks  can  be  reduced  when  program 
managers  know  existing  technologies  and  understand  how  operational 
requirements  relate  to  available  technologies. 


Remember  That  the  Submarine  Is  an  Integration  of 
Various  Systems 

The  submarine  is  an  integration  of  the  pressure  hull,  a  power  and  pro¬ 
pulsion  system,  sensor  and  communication  suites,  and  weapon  systems. 
Operational  requirements  in  one  area  will  affect  design  considerations 
in  the  other  areas.  More-capable  sensor  systems  may  require  additional 
power  and  a  different  propulsion  system,  which  could  affect  the  pres¬ 
sure  hull  design.  The  desire  for  greater  weapons  capability  with  more  or 
newer  weapons  may  also  affect  pressure  hull  dimensions. 

It  is  challenging  to  find  the  right  balance  among  the  various 
system  requirements  especially  when  doing  so  for  a  submarine  class 
that  will  be  in  the  operational  fleet  for  30  years  or  more.  Operational 
requirements  and  technologies  change  over  time  resulting  in  major 
modifications  during  a  submarine’s  operational  life.1  When  setting  the 
requirements  for  different  submarine  systems,  a  program  must  under¬ 
stand  the  current  and  emerging  technologies  in  those  systems,  how 
requirements  might  change  in  the  future,  and  the  trade-offs  between 
costs  and  risks  (the  subject  of  the  next  lesson). 


1  The  initial  design  of  a  new  submarine  will  include  margins  for  power,  weight,  and  other 
metrics.  The  programs  we  studied  maintained  adequate  design  margins  during  the  design 
and  construction  of  the  class.  This  practice  should  continue  for  future  programs. 
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Understand  the  Current  State  of  Technology  to  Control 
Program  Risks 

Program  managers  must  understand  the  current  state  of  technology  in 
areas  related  to  their  programs.  They  also  must  understand  how  a  plat¬ 
form’s  operational  requirements  affect  technologies,  risks,  and  costs. 
The  desired  operational  performance  will  drive  the  characteristics  of 
a  platform  and  the  technologies  needed  to  achieve  that  performance. 
Program  managers  must  be  supported  by  a  technical  community  (as 
mentioned  in  the  previous  chapter)  that  completely  understands  the 
technologies  that  are  important  to  the  program,  where  those  technolo¬ 
gies  exist,  and  which  technologies  must  be  significantly  advanced. 

Additionally,  it  is  important  for  program  managers  to  understand 
how  changes  to  operational  requirements  relate  to  the  technology  levels 
that  are  available.  That  is,  if  certain  operational  goals  are  beyond  the 
state  of  current  technology,  what  operational  capabilities  can  be  sup¬ 
ported  by  existing  technologies?  This  involves  an  understanding  of 
trade-offs  between  operational  requirements  and  technological  risks 
(and  costs).  Again,  this  is  where  both  operators  and  the  technical  com¬ 
munity  are  important  during  the  early  stages  of  a  program. 

Relying  on  significant  advances  in  technology  may  be  necessary 
in  some  instances.  During  both  the  Seawolf  program  and  the  initial 
stages  of  the  Astute  program,  the  United  States  and  UK  felt  that  they 
needed  to  significantly  expand  their  submarine  capabilities  to  meet  an 
increasing  Soviet  threat.  And  with  the  Collins  program,  Australia  dem¬ 
onstrated  its  desire  to  have  a  platform  with  operational  capabilities  that 
exceeded  those  that  were  available  in  existing  conventional  submarines. 
When  multiple  new  technologies  are  required,  it  is  important  for  those 
involved  with  a  new  submarine  program  to  recognize  the  risks  and 
factor  them  into  cost  and  schedule  estimates. 

Involve  All  Appropriate  Organizations  When  Setting 
Operational  Requirements 

One  shortfall  of  the  Astute  and  Collins  programs  was  the  failure  to 
involve  all  knowledgeable  organizations  in  setting  requirements.  Both 
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programs  suffered  when  operators,  maintainers,  and  builders  did  not 
have  inputs  during  the  early  stages  of  the  program.  The  program 
manager  must  be  supported  by  adequate  technical,  operational,  and 
management  expertise  in  the  government  and  private  sector.  This  is 
especially  important  when  setting  requirements  early  in  the  program. 
Technical  experts  in  laboratories  and  test  centers  can  keep  the  program 
manager  informed  about  existing  and  new  technologies.  Navy  opera¬ 
tors  can  provide  insights  into  current  submarine  missions  and  capa¬ 
bilities,  and  private-sector  companies  that  maintain  submarines  can 
provide  information  about  how  designs  and  operational  requirements 
influence  support  costs.  Experienced  designers  and  builders  can  shed 
light  on  the  difficulties  and  costs  of  achieving  certain  operational  objec¬ 
tives.  Moreover,  these  experienced  designers  and  builders  can  help  gov¬ 
ernment  engineers  and  acquisition  experts  draft  contract  specifications 
that  achieve  desired  performance  and  safety  outcomes  in  a  manner 
clearly  understood  by  all  parties. 

Involving  various  organizations  is  important  throughout  the  life 
of  the  program.  The  program  manager  should  have  authority  to  make 
decisions  based  on  various  technical  and  operational  resources.  Also, 
involving  all  appropriate  organizations  helps  develop  knowledgeable, 
experienced  managers  for  future  programs. 


Clearly  State  Operational  Requirements 

Operational  requirements  must  be  clearly  stated  as  the  desired  perfor¬ 
mance  of  the  submarine  in  various  key  areas.  Key  areas  include  speed, 
payload,  and  signatures,  as  well  as  other  characteristics  such  as  crew 
size  and  operational  availability.  These  performance  requirements  must 
be  backed  by  technical  specifications,  especially  in  the  area  of  safety. 
Requirements  should  not  be  stated  as  point  solutions  but  rather  as 
objectives  and  thresholds,  and  those  in  the  program  must  understand 
the  cost  and  performance  implications  of  meeting  the  threshold  and 
the  objective  levels  in  the  various  key  performance  areas. 

The  United  States,  with  its  long  history  of  submarine  programs, 
appears  to  have  learned  this  lesson.  Issues  rarely  arise  between  the 
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government  and  a  prime  contractor  concerning  desired  operational 
requirements  and  the  capabilities  of  the  new  submarine  class. 

In  Australia,  the  operational  requirements  for  the  Collins ,  although 
mostly  beyond  the  capabilities  of  conventional  submarines  available  at 
the  start  of  the  program,  were  straightforward.  Several  key  parameters 
were  used  to  define  the  performance  of  the  submarine. 

The  contract  requirements  for  Astute  were  a  mix  of  high-level  per¬ 
formance  attributes  (e.g.,  speeds,  signatures)  and  thousands  of  detailed 
requirements,  technical  specifications,  and  standards  that  were  at  times 
conflicting  and  difficult  to  interpret.  The  difficulties  in  clearly  stating 
requirements  for  the  Astute  program  were  partly  due  to  the  shift  of  roles 
previously  played  by  the  Royal  Navy  and  the  MOD  to  the  prime  con¬ 
tractor,  along  with  the  desire  to  level  the  playing  field  between  experi¬ 
enced  and  inexperienced  competitors.  In  this  environment,  the  govern¬ 
ment  had  no  historical  base  on  which  to  build.2 

The  government  should  state  the  desired  performance  of  the  plat¬ 
form  but  should  avoid  specifying  how  that  performance  should  be 
achieved.  The  prime  contractor  should  have  the  ability  to  decide  how 
best  to  meet  performance  requirements.  At  times,  there  will  be  a  benefit 
in  designating  a  preferred  provider  or  material.  In  those  instances,  the 
prime  contractor  should  have  the  expertise  to  evaluate  the  requirement 
and  suggest  alternatives  if  appropriate.  The  Collins  contract  imposed 
both  performance  criteria  and  some  detailed  specifications  on  how  the 
performance  should  be  achieved.  The  contract  was  a  mix  of  require¬ 
ments  and  specific  solutions;  in  some  cases,  the  solutions  could  not 
meet  the  requirements.  This  became  a  problem  with  the  combat  system 
(e.g.,  specifying  the  use  of  the  Ada  programming  language3),  the  pro¬ 
peller  (e.g.,  specifying  the  use  of  Sonoston),  and  the  periscopes  (e.g.,  the 
use  of  the  supplier  of  the  O heron  periscopes). 


2  The  MOD  has  recognized  the  complexity  of  the  initial  contract  requirements  and  is  using 
performance-based  specifications  for  the  remainder  of  the  first  three  submarines  in  the  class. 
For  the  subsequent  submarines  in  the  class,  a  product  build  and  test  specification  forms  the 
basis  of  the  contracts. 

3  The  Collins  program  was  not  alone  in  specifying  the  Ada  programming  language.  The 
United  States  also  specified  Ada  for  its  AN/BSY-2  combat  system  on  the  Seawolf  submarine. 
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Requirements  specification  is  a  difficult  balance  of  staying  within 
known  and  approved  standards  and  allowing  innovation  in  the  design, 
especially  to  reduce  costs.  The  operational  requirements  should  be  sup¬ 
ported  by  standards  that  relate  to  different  functional  systems.  The 
prime  contractor  should  be  allowed  to  challenge  standards  and  speci¬ 
fications  if  it  can  prove  that  the  change  will  reduce  cost  or  improve 
performance  with  the  same  or  less  risk. 


Determine  How  to  Test  for  the  Achievement  of  Desired 
Operational  Requirements 

Stating  an  operational  requirement  is  the  first  step  in  setting  pro¬ 
gram  goals.  But  that  first  step  must  be  complemented  by  a  plan  to 
understand  whether  the  platform  meets  the  requirement.  This  typi¬ 
cally  involves  test  procedures — who  will  test,  how  the  test  will  be  con¬ 
ducted,  and  how  success  or  failure  will  be  measured.  Although  it  is 
often  difficult  to  plan  tests  early  in  a  program,  it  is  necessary  to  ensure 
all  parties  agree  on  the  processes  to  measure  how  the  performance  of 
the  platform  meets  operational  capability  objectives.  Incremental  test¬ 
ing  of  equipment  before  it  becomes  part  of  a  system  and  before  that 
system  is  inserted  into  the  hull  should  be  encouraged.4 

With  the  Collins  program,  Australia  had  to  learn  for  the  first  time 
how  to  test  and  accept  a  new  submarine.  Unfortunately,  adequate  test¬ 
ing  procedures  were  not  developed  or  enforced.  For  example,  compre¬ 
hensive  tank  testing  of  the  hull  design  was  not  specified  or  accom¬ 
plished,  and  the  Hedemora  engine  configuration  installed  on  Collins 
was  not  adequately  tested  before  the  submarines  went  to  sea. 

During  the  initial  stages  of  the  Astute  program,  the  effort  to  reduce 
government  overhead  costs  led  to  the  deactivation  or  downsizing  of  the 
Royal  Navy  and  MOD  technical  organizations  that  had  overseen  the 
testing  and  commissioning  of  all  prior  UK  nuclear  submarines.  With¬ 
out  this  knowledge  and  expertise,  testing  was  largely  ignored  during 


4  An  example  of  testing  a  major  system  before  it  is  inserted  into  the  submarine  is  Electric 
Boat’s  command  and  control  system  module  off-hull  assembly  and  test  site  (COATS). 
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the  contract  negotiations  and  early  stages  of  the  program.  With  the 
hrst-of-class,  both  parties  struggled  to  identify  and  approve  procedures 
for  testing  whether  the  vessel’s  performance  met  requirements. 


CHAPTER  FOUR 


Lessons  When  Establishing  an  Acquisition  and 
Contracting  Environment 


Establishing  an  open  and  fair  acquisition  and  contract  environment 
is  an  important  aspect  of  any  program.  Poor  decisions  here  will  reso¬ 
nate  throughout  the  life  of  the  program.  Issues  include  choosing  the 
organizations  involved  in  designing  and  building  the  new  submarine, 
the  type  of  contract,  the  specifics  within  the  contract  (including  incen¬ 
tives),  the  decisionmaking  process  to  employ  when  issues  arise,  and  the 
payment  schedule.  The  lessons  often  overlap  but  aim  for  a  fair,  inter¬ 
active  partnership  among  the  program  office,  prime  contractor,  and 
subcontractors.  Overall,  the  program  should  be  a  partnership  between 
government  and  private-sector  organizations.  Both  sides  should  work 
together  toward  the  common  goal  of  program  success. 

The  acquisition  and  contract  strategy  can  foster  or  hinder  the 
desired  interactions  and  relationships  between  the  government  and  the 
private  sector.  In  Australia,  the  relationship  between  the  program  office 
and  ASC,  the  prime  contractor,  was  strained  during  the  conduct  of  the 
Collins  program.1  The  differences  grew  out  of  many  issues  in  the  con¬ 
tracting  environment  and  greatly  affected  the  conduct  of  the  program. 


1  The  McIntosh  and  Prescott  report  stated  “.  .  .  the  positions  of  the  parties  (the  operational 
RAN,  the  procurement  project  office,  the  in-service  support  project  team,  the  prime  con¬ 
tractor,  and  the  principal  sub-contractors)  are  certainly  far  more  antagonistic,  defensive, 
uncooperative  and  at  cross-purposes  than  should  be  the  case  in  a  project  like  this.”  See  McIn¬ 
tosh  and  Prescott,  1999,  p.  8.  That  report  also  includes  the  following  observation  by  Lloyds 
Register:  “In  looking  at  ASC’s  conduct  throughout  the  review  period,  there  appears  to  be  an 
underlying  atmosphere  of  confrontation  and  contempt  for  their  customer’s  wishes,  with  no 
visible  recognition  that  their  customer  was  and  is  unhappy  and  what  could  ASC  do  to  rectify 
the  matter”  (p.  10). 
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In  the  UK,  the  shift  in  roles  and  responsibilities  at  the  beginning  of  the 
Astute  program  resulted  in  a  “hands  off”  approach  by  the  MOD.  This 
lack  of  oversight  and  integration  with  the  prime  contractor  blinded 
the  MOD  to  the  problems  in  the  program.  The  lessons  we  describe 
below  will  help  to  create  the  desired  relationships  and  degree  of  mutual 
understanding  among  all  parties. 


Consider  a  Single  Design/Build  Contract  for  the 
First-of-Class 

Typically,  a  submarine  program  involves  an  initial  contract  to  design 
and  possibly  build  one  or  more  submarines  and  subsequent  contracts 
to  build  the  remaining  submarines  in  the  class.2  The  initial  contract 
is  the  most  important  and  sets  the  tone  for  the  rest  of  the  program.  A 
common  lesson  across  all  five  programs  is  that  one  prime  contractor 
should  design  and  build  the  hrst-of-class.  A  single  design/build  con¬ 
tract  helps  to  integrate  the  two  processes  and  reduces  confusion  and 
misinterpretations.  Contracts  for  subsequent  boats  could  be  competi¬ 
tive  but  should  be  timed  such  that  the  design  of  the  new  submarine  is 
largely  fixed  and  the  build  process  is  well  understood. 

In  the  United  States,  the  Ohio  program  had  one  organization, 
Electric  Boat,  design  and  build  the  submarines  but  contracted  with 
different  Electric  Boat  divisions  to  design  and  build  the  first-of-class 
(with  the  design  provided  to  the  builder  by  the  U.S.  Navy).  Recon¬ 
ciling  differences  between  the  two  contracts  entailed  schedule  delays 
and  cost  growth.  In  the  Seawolf  program,  the  two  shipbuilders  each 
designed  portions  of  the  ship  but  competed  to  build  the  hrst-of-class. 
Again,  there  were  significant  problems  with  this  approach.  The  Vir¬ 
ginia  program  involves  a  single  design/build  prime  contractor,  Electric 
Boat,  with  Newport  News  serving  as  a  major  subcontractor  to  Electric 
Boat.  This  arrangement,  plus  other  initiatives,  has  resulted  in  a  largely 
successful  program. 


2  There  are  exceptions,  of  course.  For  example,  the  sole  Collins  contract  was  for  the  design 
of  the  submarine  plus  the  build  of  all  six  in  the  class. 
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In  the  UK,  the  Astute  program  had  a  single  hrm  design  and  build 
the  submarine.  The  Astute  program  probably  made  the  right  decision 
in  having  a  single  prime  contractor;  the  problem  during  its  early  stages 
stemmed  from  the  decision  to  hold  a  competition  when  only  one  com¬ 
pany  had  experience  in  designing  and  building  submarines.  The  low 
winning  bidder  had  never  designed  or  built  a  submarine  before,  but 
agreed  to  further  price  reductions  during  negotiations  prior  to  con¬ 
tract  award.  Further,  the  lack  of  integration  between  the  design  and 
the  build  teams,  caused  by  the  distance  between  the  prime  contractor 
design  office  and  the  shipyard — both  in  miles  and  relationships — con¬ 
tributed  to  many  of  the  early  problems.  The  original  Astute  contract 
also  included  building  the  first  three  submarines,  not  just  the  lead  boat. 

The  Australian  Collins  program  used  a  Swedish  design  (produced 
by  Kockums)  that  was  built  by  the  ASC,  an  entity  whose  ownership 
included  the  government,  Kockums,  and  other  firms.  Kockums  was 
therefore  involved  in  both  the  design  and  the  build  of  the  submarines. 
One  main  problem  with  the  Collins  program  was  the  design  organiza¬ 
tion’s  lack  of  appreciation  for  the  demands  of  the  concept  of  operations 
and  the  operating  environment.  Kockums  was  a  successful  designer  of 
submarines  for  the  Swedish  Navy,  but  those  submarines  operated  in 
a  far  different  manner  and  in  a  different  environment  from  what  was 
planned  for  the  Collins  boats.  The  very  different  operating  environ¬ 
ments  required  different  equipment  and  different  procedures  for  oper¬ 
ating  the  equipment.  Therefore,  it  is  important  for  the  design  organi¬ 
zation  to  fully  understand  and  appreciate  the  way  the  new  submarines 
will  operate  and  the  impact  of  the  operational  environment  on  the 
design  of  the  boats. 

The  choice  of  organizations  and  their  role  in  a  new  program  must 
reflect  the  status  of  the  industrial  base  and  the  policy  on  potential 
future  competition  for  design  and  build  contracts.  Currently,  there  is 
little  or  no  chance  for  competition  in  the  three  countries.  The  UK 
and  Australia  have  only  one  firm  with  experience  in  designing  and 
building  submarines.  The  United  States  has  two  nuclear  submarine 
shipbuilders — Electric  Boat  and  Newport  News.  Once  competitors, 
these  two  firms  have  formed  an  effective  partnership  for  the  Virginia 
program.  Given  the  direction  of  future  defense  budgets  and  the  gaps 
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between  new  program  starts,  it  is  unlikely  that  the  governments  could 
conduct,  or  could  afford,  meaningful  competition  for  new  submarine 
design  and  construction. 

Even  with  a  single  contract  for  the  initial  design  and  the  con¬ 
struction  of  the  lead  ship,  the  lead  ship  should  be  priced  only  when  the 
detailed  design  is  sufficiently  complete  for  both  the  shipbuilder  and  the 
navy  to  have  enough  knowledge  to  estimate  realistic  cost. 


Use  a  Contract  Structure  with  Provisions  to  Handle 
Program  Risks 

The  UK  MOD  used  a  fixed,  maximum-price  contract  with  the  Astute 
prime  contractor.  Unfortunately,  both  the  MOD  and  the  prime  con¬ 
tractor  underestimated  the  substantial  risks  in  having  such  a  lengthy 
lapse  of  time  between  the  Astute  and  its  predecessor  submarine  pro¬ 
gram  and  in  transferring  responsibilities  to  the  prime  contractor.  The 
two  parties  also  overestimated  the  benefits  of  three-dimensional  com¬ 
puter  assisted  design  software  and  of  the  modular  build  process.  The 
result:  a  program  that  could  not  achieve  its  original  contract  price  and 
an  environment  in  which  (1)  BAE  Systems  had  no  motivation  to  pro¬ 
vide  more  than  what  it  interpreted  were  its  obligations  in  a  contract 
with  ill-defined  specifications,  and  (2)  the  MOD  was  afraid  to  enforce 
ill-defined  specifications  for  fear  of  being  liable  for  contract  changes 
that  it  could  not  pay  for. 

With  the  Collins  program,  although  there  were  a  number  of  tech¬ 
nical  risks  with  unpredictable  outcomes,  the  Australian  government 
used  a  fixed-price  contract  that  greatly  limited  the  flexibility  that  both 
parties  needed  when  problems  emerged.  As  with  the  Astute ,  the  fixed- 
price  contract  for  Collins  led  to  an  environment  in  which  ASC  had  no 
motivation  to  provide  more  than  what  it  interpreted  were  its  obliga¬ 
tions  under  a  poorly  defined  contract.  At  the  same  time,  the  Common¬ 
wealth,  fearful  that  it  might  be  held  liable  for  contract  changes  it  could 
not  afford,  paid  no  more  than  the  original  contract  price.  The  interac¬ 
tive  and  open  environment  necessary  for  a  development  program  was 
negated  by  the  Collins  contract. 
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In  the  United  States,  the  Ohio  and  Seawolf  lead  ship  contracts 
were  both  fixed-price  and  incentive-type.  But  the  risk  sharing  was  sub¬ 
stantially  different  from  the  Los  Angeles—  class  early  ship  contracts.  Both 
had  escalation  provisions  that  covered  the  effects  of  inflation  up  to 
the  ceiling  price  and  to  the  contract  delivery  date,  without  penalty. 
Both  had  substantially  larger  spreads  from  target  cost  to  ceiling  price 
than  the  early  Los  Angeles—  class  contracts.  The  Virginia  program’s  lead 
ship  risk  provisions  took  a  different  approach.  Rather  than  providing 
the  detailed  design  drawings  (developed  under  a  separate  contract)  as 
government-furnished  information  to  the  construction  shipyard,  the 
Virginia  program  added  cost-plus-incentive-fee  construction  line  items 
for  the  lead  ship  to  the  original  cost-plus  design  contract. 

Fixed-price  contracts  are  appropriate  when  there  is  little  risk  and 
uncertainty  (e.g.,  when  technologies  are  mature  and  when  specifica¬ 
tions  are  well  defined)  and  when  few  changes  to  the  design  or  build 
are  anticipated.  Although  the  government  can  try  to  place  all  risk  on 
the  contractor  through  use  of  a  fixed-price  contract,  the  government 
ultimately  holds  certain  program  risks.  It  is  far  better  to  structure  a 
contract  that  holds  the  contractor  responsible  for  risks  under  its  control 
(labor  and  overhead  rates,  productivity,  materiel  costs,  etc.)  but  holds 
the  government  responsible  for  risks  beyond  the  contractor’s  control 
(inflation,  changing  requirements,  changes  in  law,  etc.).  Otherwise, 
contractors  will  greatly  increase  their  bid  prices  to  accommodate  risks 
that  they  cannot  control.  Appropriate  cost-sharing  provisions  can  be 
drafted  to  handle  risks  that  neither  party  controls  or  that  both  parties 
have  equal  influence  over  (technology  changes,  acts  of  God,  energy 
shortages,  etc.). 

Any  contract,  whether  fixed-price  or  cost-plus,  must  have  ade¬ 
quate  incentives  for  the  contractor  to  do  better  and  to  improve  on 
the  cost,  schedule,  and  performance  goals  set  by  the  government.  The 
lesson  here  is  that  technical  risks  must  be  identified  early,  and  much 
thought  must  be  given  to  deciding,  with  industry,  the  appropriate  form 
of  the  contract  and  the  incentive  and  risk  sharing  clauses  built  into  the 
contract.  Getting  this  wrong  can  almost  guarantee  problems  with  the 
conduct  of  the  program  and  the  relationships  between  the  government 
and  the  contractor. 
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Develop  Realistic  Cost  and  Schedule  Estimates 

Both  the  government  and  the  private  sector  should  develop  cost  and 
schedule  estimates  for  designing  and  building  the  submarine.  These 
should  be  realistic  and  based  on  the  best  knowledge  and  informa¬ 
tion  available.  Costs  should  be  categorized  at  an  appropriate  level  of 
detail  to  allow  comparisons  between  the  government  and  private- 
sector  assumptions,  methodologies,  and  estimates.  Any  discrepancies 
in  cost  estimates  should  be  understood  and  discussed  between  the  two 
parties.  To  support  this  requirement,  the  government  should  have  a 
cost-estimating  organization  that  collects,  stores,  and  analyzes  data  on 
previous  submarine  design  and  build  programs.  This  was  one  short¬ 
fall  for  the  Collins  program,  since  the  Australian  government  did  not 
have  an  independent  cost-estimating  process  that  fully  understood  the 
potential  costs  and  risks. 

It  is  important  that  both  sides  agree  on  the  assumptions  that 
underlie  the  cost  and  schedule  estimates,  including  the  impact  that 
different  risks  could  have  on  final  costs.  A  program  manager  should 
avoid  accepting  cost  and  schedule  estimates  that  are  overly  optimistic 
or  that  fail  to  address  program  risks.  The  contract  cost  for  the  UK’s 
Astute  program  was  based  on  unrealistic  assumptions  about  the  ben¬ 
efits  of  three-dimensional  computer  assisted  design  and  manufacture 
software  tools  and  of  workload  reductions  resulting  from  a  modular 
build  process.  The  cost  estimates  also  underestimated  the  difficulties 
in  reconstituting  a  design  and  production  capability  after  a  substan¬ 
tial  lapse  in  program  starts  and  in  transferring  responsibilities  to  the 
private  sector.  The  mantra  “if  it  looks  too  good  to  be  true,  it  probably 
is”  applied  to  the  Astute  contract  price  in  hindsight.  The  risks  involved 
with  several  new  technologies  were  underestimated  by  the  U.S.  Seavuolf 
program,  which  resulted  in  the  program’s  costs  growing  significantly. 

The  government  should  update  cost  and  schedule  estimates  when 
new  data  and  information  are  available.  There  is  a  tendency  in  pro¬ 
grams  to  fix  the  anticipated  delivery  date  of  the  first  submarine  at  the 
time  of  the  contract  but  not  to  adjust  this  date  when  problems  emerge. 
Program  managers  should  adjust  future  schedules  when  delays  occur 
in  a  program.  As  we  discuss  in  the  next  chapter,  it  is  important  that  the 
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build  begin  only  after  the  submarine  arrangements  are  complete  and 
the  majority  of  design  drawings  are  produced.  When  delays  occur  in 
the  design  process,  the  start  of  construction  and  the  planned  delivery 
of  the  submarine  to  the  government  should  be  extended. 


Decide  on  Government-Furnished  Equipment 

One  important  decision  when  establishing  the  acquisition  strategy  is 
which  equipment  will  be  bought  and  managed  by  the  government  and 
supplied  to  the  builder  as  government-furnished  equipment  (GFE) 
or  government-furnished  information  (GFI)  and  which  equipment 
will  be  bought  and  managed  by  the  contractor  (contractor-furnished 
equipment,  CFE).  These  decisions  are  based  on  many  factors,  includ¬ 
ing  which  party — the  government  or  the  private  sector — holds  risks 
and  responsibilities  in  different  areas,  and  which  is  better  positioned  to 
manage  the  subcontractors  and  the  integration  of  the  equipment  into 
the  submarine. 

The  GFE-versus-CFE  decision  for  the  United  States  and  the  UK 
is  especially  important  for  the  nuclear  reactor.  The  United  States  has 
always  provided  the  reactor  to  the  build  contractor  as  GFE.  For  Astute, 
Rolls-Royce,  the  sole  provider  of  UK  nuclear  steam  raising  plants 
(NSRPs)  for  submarines,  was  assigned  as  a  subcontractor  to  the  prime 
contractor  (in  essence  making  the  NSRP  CFE).  Because  safety  risks 
reside  with  the  MOD  and  Rolls-Royce  has  a  contractual  relationship 
with  the  MOD  for  in-service  submarine  support,  the  NSRP  probably 
should  have  been  GFE  for  the  Astute. 

Another  important  area  when  making  GFE-versus-CFE  decisions 
is  the  combat  system.  One  issue  that  plagued  the  Collins  program  was 
the  relationship,  or  lack  of  one,  between  the  platform  prime  (ASC) 
and  the  combat  system  prime  (Rockwell).  The  Commonwealth  nego¬ 
tiated  the  contract  with  Rockwell  but  made  ASC  the  prime  contrac¬ 
tor  responsible  for  the  successful  delivery  of  the  combat  system,  even 
though  ASC  played  no  role  in  choosing  Rockwell  and  initially  had 
no  access  to  the  classified  specifications.  If  the  combat  system  is  to 
be  a  new  design,  it  should  probably  be  GFE,  at  least  until  delivery  of 
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the  first  ship  in  the  class.  This  is  especially  the  case  for  new  combat 
system  designs  that  push  the  technology  of  existing  designs.  The  prime 
contractor  or  a  third  party  can  function  as  the  system  integrator,  but 
the  government  may  have  the  best  leverage  with  the  combat  system 
designer. 

One  issue  the  government  must  weigh  when  making  GFE-versus- 
CFE  decisions  is  its  ability  to  manage  subcontractors  to  ensure  that 
equipment  is  provided  to  the  shipbuilder  when  specified  in  the  con¬ 
tract.  Construction  schedules  are  tied  to  the  planned  delivery  of  various 
systems  and  pieces  of  equipment.  Delays  in  those  deliveries  can  lead  to 
additional  costs  and  delays.  The  problems  between  the  contractors  for 
the  Collins  combat  system  ultimately  led  to  the  Commonwealth  being 
liable  for  delays  with  the  delivery  of  the  combat  system. 

Regardless  of  who  provides  the  equipment  and  systems,  it  is  nec¬ 
essary  to  sustain  a  viable  vendor  base.  Suppliers  go  out  of  business  if 
there  is  not  an  adequate  demand  for  their  products  and  services  or  if  a 
new  technology  makes  their  product  obsolete.  Or  suppliers  may  choose 
to  stop  a  product  line  because  of  uncertainty  in  future  demand.  Both 
the  government  and  the  submarine  design  and  build  organizations 
must  continually  monitor  the  health  of  the  vendor  base  and,  when  nec¬ 
essary,  certify  new  suppliers.  Supporting  nuclear  vendors  is  especially 
important  for  the  United  States  and  UK.  The  need  to  reconstitute  sup¬ 
pliers  can  lead  to  cost  and  schedule  growth.  For  example,  one  impact 
of  the  gap  between  Vanguard  and  Astute  was  the  atrophy  of  the  supplier 
base,  resulting  in  the  need  to  identify  and  certify  many  new  suppliers. 


Develop  a  Timely  Decisionmaking  Process  to  Manage 
Change 

Changes  invariably  occur  during  any  program.  They  may  crop  up  in 
the  desired  performance  of  the  platform;  in  the  systems  and  equip¬ 
ment  used  to  achieve  performance;  in  the  schedule  of  the  project;  or 
in  the  responsibilities  of  the  various  organizations  involved  in  design¬ 
ing,  building,  and  testing  the  platform.  Management  structures  must 
be  in  place  to  deal  in  a  timely  manner  with  any  contract  changes  that 
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are  proposed  during  the  program.  Changes  may  affect  cost,  schedule, 
or  capability.  It  is  important  that  the  program  office  understand  the 
impact  of  proposed  changes  and  have  a  procedure  in  place  to  approve 
or  reject  them.  This  requires  the  involvement  of  the  technical  commu¬ 
nity,  the  cost  estimation  community,  and  the  contractor.  When  fund¬ 
ing  is  limited,  changes  that  increase  costs  must  be  especially  examined. 

The  government  should  have  an  adequate  on-site  presence  at  the 
design  and  build  organizations.  Minor  issues  that  arise  during  the 
design  and  build  can  be  adjudicated  by  that  on-site  presence.  Major 
decisions  on  requirements  changes,  cost  or  schedule  impacts,  and 
equipment  decisions  should  be  made  by  the  program  management. 


Establish  an  Agreed-Upon  Tracking  Mechanism  and 
Payment  Schedule 

It  is  important  to  have  an  effective  system  to  track  progress  and  a 
payment  schedule  that  is  tied  to  clearly  defined  milestones  and  that 
reserves  adequate  funds  to  handle  difficulties  that  occur  later  in  the 
program.  The  progress  tracking  system  must  be  properly  used  (e.g., 
accurate  data  reported  on  the  correct  project  tasks)  and  have  outputs 
that  are  helpful  in  managing  the  program.  A  tracking  system  by  itself  is 
not  enough.  There  must  also  be  an  independent  validation  mechanism 
to  confirm  design  and  construction  progress.  The  payment  schedule  in 
the  contract  should  be  tied  to  either  a  clearly  defined  and  meaningful 
milestone  plan  or  a  well  defined  physical  progression  system.  Adequate 
funds  need  to  be  reserved  to  handle  difficulties  that  occur  later  in  the 
program.  Payment  schedules  should  incentivize  real  progress  and  not 
encourage  wrong  behaviors. 

The  United  States  has  effectively  used  earned  value  management 
(EVM)  systems  to  monitor  progress  on  its  programs.  During  its  first 
several  years,  the  Astute  program  had  no  effective  mechanisms  to  track 
progress  on  the  design  and  build  of  the  submarine.  This  made  it  impos¬ 
sible  for  the  MOD,  and  even  the  prime  contractor,  to  recognize  prob¬ 
lems  that  arose.  One  important  change  at  Barrow,  started  by  both  the 
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prime  contractor  and  the  MOD  and  assisted  by  Electric  Boat,  is  the 
installation  and  use  of  an  EVM  system. 

One  shortcoming  of  the  Collins  program  was  paying  the  contrac¬ 
tor  the  majority  of  the  funds  well  before  the  project  was  complete. 
This  led  to  having  little  or  no  funds  available  to  handle  problems  as 
they  arose  later  in  the  program.  Also,  the  program  office  became  aware 
of  difficulties  and  problems  too  late  in  the  process  and  was  unable  to 
make  decisions  that  could  have  resulted  in  less  costly  corrections. 


Include  an  Adequate  Contingency  Pool 

Problems  arise  during  new  programs.  All  five  cases  we  examined 
showed  cost  and  schedule  increases  for  the  hrst-of-class.  ft  is  important 
that  the  contract  include  adequate  contingency  funds  to  cover  unan¬ 
ticipated  problems.  The  size  of  the  contingency  fund  is  related  to  the 
technical  risks  in  the  project — more  risks  require  larger  contingencies. 

One  criticism  of  the  Collins  program  was  that  it  lacked  an  ade¬ 
quate  contingency  to  manage  risks  and  changes.  Where  normally  a 
complex  project  would  have  a  contingency  fund  on  the  order  of  10 
to  15  percent,  the  Collins  contract  had  only  a  2.5  percent  fund.  This, 
along  with  having  no  agreed-upon  processes  for  disbursement,  under¬ 
mined  relations  between  the  customer  and  the  supplier  and  limited 
what  the  parties  could  do  when  problems  arose.3  The  Astute  program 
also  had  a  very  low  fund  for  contingencies — about  5  percent  of  the 
contract  value. 


3  Woolner,  2009. 


CHAPTER  FIVE 


Lessons  When  Designing  and  Building  the 
Submarine 


Many  lessons  described  in  the  previous  chapters  also  apply  to  the  design 
and  construction  phases  of  a  new  program.  It  is  important  to  get  all 
the  appropriate  organizations — operators,  maintainers,  and  the  techni¬ 
cal  community — involved  throughout  a  program,  to  understand  how 
operational  requirements  affect  design  and  construction,  and  plan  for 
the  appropriate  testing  of  the  systems  and  platform  to  ensure  require¬ 
ments  are  met.  Therefore,  several  lessons  described  below  echo  those 
described  previously. 


Involve  Builders,  Maintainers,  Operators,  and  the 
Technical  Community  in  the  Design  Process 

One  important  lesson  from  the  Virginia  program  is  to  use  a  design/ 
build  process  during  the  design  of  a  new  submarine.  This  involves 
having  the  builders  actively  involved  in  the  design  process  to  ensure 
that  what  is  designed  can  be  built  in  an  efficient  manner.  The  design/ 
build  process  should  go  further  than  merely  involving  builders  in  the 
design  process.  The  design  should  also  be  informed  by  operators,  key 
suppliers,  maintainers,  and  the  technical  community.  Therefore,  it  is 
important  to  think  of  the  design  team  as  a  collaboration  of  subma¬ 
rine  draftsmen  and  design  engineers  with  inputs  from  those  who  must 
build  to  the  design,  operate  the  submarine,  and  maintain  it.  This  col¬ 
laboration  should  extend  throughout  the  design  process.  However, 
throughout  that  process,  it  is  important  to  keep  in  mind  that  the  ulti¬ 
mate  design  and  construction  target  is  a  submarine  that  is  cost-effective 
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in  its  post-delivery  and  ILS  period  of  life.  While  maintenance  ease  is  a 
desired  trait,  it  must  be  balanced  against  long-term  maintenance  costs. 

It  is  important  not  only  to  have  the  technical  community  in  the 
design  process  but  also  to  listen  and  react  to  the  concerns  it  may  raise. 
The  degree  to  which  existing  technology  is  “pushed”  in  a  new  design 
will  affect  the  risks  to  cost,  schedule,  and  performance  of  the  platform. 
The  technical  community  must  understand  the  state  of  technology  and 
the  degree  to  which  a  new  design  extends  that  technology. 

The  technical  community  consulted  during  a  new  design  effort 
should  extend  beyond  the  in-country  resources  to  include  the  technical 
assets  of  partner  nations.  In  some  areas,  especially  technical  ones  not 
encompassed  in  previous  programs,  other  countries  may  have  a  deeper 
and  better  understanding  of  the  technology  and  risks.  For  example,  the 
Australian  technical  community  may  have  knowledge  of  air-indepen¬ 
dent  propulsion  but  very  limited  experience. 


Complete  the  Majority  of  Design  Drawings  Before  Start 
of  Construction 

An  essential  lesson  for  the  build  of  a  new  submarine  is  to  complete 
the  majority  of  the  design  drawings  before  beginning  construction. 
The  Collins,  Seawolf,  and  Astute  programs  all  began  construction  well 
before  the  submarine  arrangements  were  complete  and  with  only  a 
small  percentage  of  the  design  drawings  done.  All  three  programs  ulti¬ 
mately  incurred  additional  costs  for  ripping  out  pipework,  cabling,  and 
equipment  foundations  that  were  installed  too  early,  as  well  as  for  addi¬ 
tional  rework  as  the  design  matured.  The  Virginia  program  reversed 
this  trend  by  having  the  arrangements  finished  and  the  majority  of  the 
design  drawings  complete  before  construction  started.  Although  the 
complete  drawing  package  does  not  have  to  be  finished  when  construc¬ 
tion  starts,  the  drawings  for  a  specific  section  of  the  submarine  should 
be  complete  before  construction  starts  on  that  section. 

There  is  often  a  push  to  remain  on  schedule  or  to  show  progress 
to  the  government  or  the  public.  It  is  far  better  to  delay  construction 
to  ensure  that  the  design  is  largely  complete  rather  than  risk  the  costly 
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rework  and  changes  typically  resulting  from  an  immature  design. 
Using  three-dimensional  product  models  facilitates  the  design/build 
process,  but  these  models  must  be  completed  early  so  that  material  can 
be  ordered  and  manufacturing  data  can  be  downloaded  into  numeri¬ 
cally  controlled  machinery.  Completing  three-dimensional  product 
models  early  in  the  process  ensures  that  all  pieces  fit  and  minimizes 
expensive  rework.  A  good  rule  of  thumb  is  to  have  the  electronic  prod¬ 
uct  model  finished  and  80  percent  or  more  of  the  detailed  design  draw¬ 
ings  complete  when  construction  begins. 


Ensure  Sufficient  Oversight  at  the  Design  and  Build 
Organizations 

At  the  beginning  of  the  Astute  program,  MOD  oversight  at  the  Barrow 
shipyard  was  reduced  greatly  as  part  of  the  government’s  move  to  con¬ 
trol  spending.  With  no  on-site  presence,  the  MOD  was  blind  to  design 
and  construction  problems  that  cropped  up  in  the  early  years  of  the 
program.  The  MOD  has  since  increased  its  presence  at  Barrow  to 
approximately  50  people  (from  a  low  of  four)  in  hopes  of  having  greater 
visibility  and  inputs  into  the  program. 

The  program  should  have  a  strong  presence  at  the  shipyard  to  flag 
deviations  from  design,  ensure  compliance  to  quality  and  testing  pro¬ 
cedures,  and  keep  the  government  aware  of  the  challenges  that  the  pro¬ 
gram  faces.  As  mentioned  in  the  previous  chapter,  the  on-site  govern¬ 
ment  representatives  should  also  have  some  decisionmaking  capability 
in  order  to  facilitate  concessions  and  deviations  that  have  only  a  minor 
impact  on  cost,  schedule,  or  performance. 


Specify  and  Manage  Adequate  Design  Margins 

A  new  submarine  design  must  include  adequate  weight,  stability, 
power,  cooling,  and  bandwidth  margins,  all  of  which  must  be  closely 
managed  during  the  design,  build,  and  operation  phases.  New  ships 
and  submarines  typically  start  with  what  are  believed  to  be  adequate 
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design  margins.  But  often  these  are  consumed  during  the  design/build 
process  or  early  in  the  platform’s  life.  This  is  a  problem  that  the  Collins 
is  experiencing  and  that  all  submarines  typically  experience  to  some 
extent.  Without  adequate  margins,  it  may  not  be  possible  to  modern¬ 
ize  and  upgrade  equipment.  New  power  and  cooling  plants  may  be 
needed,  but  they  may  exceed  available  weight  margins.  Existing  sys¬ 
tems  may  be  downgraded  or  ship  operations  may  be  constrained  if 
adequate  margins  are  not  available. 


Develop  an  Integrated  Master  Plan  for  Design  and  Build 

The  lack  of  an  effective  integrated  master  plan  blinded  the  MOD  to  the 
Astute  program’s  schedule  problems.  A  program  should  have  an  overall 
integrated  schedule  detailing  the  tasks,  milestones,  and  products  that 
are  expected  during  the  design  and  build  of  the  submarine.  Further¬ 
more,  a  new  program  must  not  only  develop  an  integrated  master  plan 
but  must  aggressively  manage  the  program  to  ensure  that  it  stays  on 
the  schedule  suggested  by  the  plan.  The  integrated  master  plan  shows 
the  order  of  tasks  and  events  and  the  interrelationships  among  them.  It 
can  indicate  the  critical  path  for  achieving  the  program  schedule  and 
the  impact  on  the  schedule  of  delays  in  any  task.  A  key  decision  is  the 
level  of  detail  to  include  in  the  plan.  Although  more  detail  can  provide 
greater  insights,  it  takes  more  effort  to  create  and  manage. 

An  integrated  master  plan  is  a  first  step  in  understanding  the 
status  of  a  program.  The  development  of  a  system  to  monitor  progress, 
the  subject  of  the  next  lesson,  is  a  necessary  second  step. 


Track  Progress  During  the  Design/Build  Process1 

The  previous  chapter  discussed  the  need  to  develop  a  tracking  system 
so  that  the  government  can  understand  the  status  of  a  program  and 
foresee  problems  before  they  actually  occur.  Here,  we  stress  that  such 


i 


See  Arena  et  al.,  2005,  for  a  specific  description  of  EVM. 
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a  system  must  be  in  use  during  the  design  and  build  and  utilized 
correctly. 

During  the  first  several  years  of  the  Astute  program,  there  was  no 
effective  system  to  monitor  the  progress  of  the  design  and  build.  Ulti¬ 
mately,  an  EYM  system  was  put  in  place.  However,  EVM  represents 
a  cultural  change  for  the  shipyard,  and  workers  still  find  it  difficult  at 
times  to  allocate  the  proper  data  to  the  right  project  or  task.  An  accu¬ 
rate  cost  accounting  system  is  a  necessary  prerequisite  for  a  meaningful 
EVM  system.2 

It  should  be  noted  that  EVM  has  a  number  of  limitations.  It  pro¬ 
vides  few,  or  even  incorrect,  insights  if  the  proper  data  are  not  collected 
and  reported  correctly.  EVM  also  lacks  flow  and  value-generation  con¬ 
cepts.3  Because  building  in  a  proscribed  sequence  is  so  critical  in  sub¬ 
marine  programs,  EVM  must  be  used  with  care  to  avoid  introducing 
bad  behaviors. 

Whether  EVM  or  another  progress  monitoring  metric  is  used,  it 
is  important  to  have  an  effective  system  to  track  progress  and  predict 
cost  and  schedule  status.  It  is  also  important  to  have  an  independent 
validation  procedure  to  confirm  the  progress  suggested  by  the  tracking 
system.  The  Supervisor  of  Shipbuilding  at  the  shipbuilders’  facilities  in 
the  United  States  and  the  MOD  oversight  group  at  the  Barrow  ship¬ 
yard  provide  this  independent  confirmation  process. 


2  Earned  value  metrics  compare  the  budgeted  cost  of  work  performed  (BCWP)  with  the 
budgeted  cost  of  work  scheduled  (BCWS)  at  a  given  point  in  time.  When  the  BCWP  value 
is  less  than  that  of  the  BCWS,  the  project  is  considered  behind  schedule.  If  the  BCWP  value 
exceeds  the  BSWS  value,  the  project  is  considered  ahead  of  schedule.  The  schedule  perfor¬ 
mance  index  is  equal  to  BCWP  divided  by  BSWS.  The  cost  performance  index  is  the  BCWP 
divided  by  the  actual  cost  of  work  performed.  Indices  less  than  1  indicate  the  project  is 
behind  schedule  and  over  budget. 

3  Flow  refers  to  how  resources  and  activities  are  sequentially  related.  Value-generation  work 
is  work  performed  in  one  time  period  that  will  allow  future  work  to  begin. 


44  Learning  from  Experience,  Volume  I 


Design  for  Removal  and  Replacement  of  Equipment 

The  operational  life  of  a  submarine  is  typically  longer  than  the  life  of 
some  of  the  technologies  it  employs.  This  is  especially  true  for  com¬ 
mand,  control,  communications,  computing,  and  intelligence  (C4I) 
equipment.  Adequate  access  paths  and  large  equipment  removal 
hatches  were  included  in  the  Ohio,  Seawolf  and  Virginia  designs,  facil¬ 
itating  the  removal  and  replacement  of  equipment  that  requires  repair 
or  has  become  obsolete.  However,  the  Collins  and  Astute  designs  did 
not  include  adequate  routes  for  equipment  removal  and  replacement 
so  the  logistics  support  of  those  platforms  will  likely  be  much  more 
difficult  (a  topic  for  the  next  chapter).  For  those  submarines,  large  hull 
cuts  may  be  required  to  remove  and  replace  equipment  that  becomes 
obsolete  or  needs  repair. 

The  design  of  the  submarine  should  anticipate  the  need  to  remove 
and  replace  large  pieces  of  equipment  and  include  access  paths  and 
hatches  to  do  so.  For  C4I  equipment,  modularity  and  interoperability 
should  be  incorporated  into  the  design.4  Data  and  information  archi¬ 
tectures  should  be  developed  that  allow  installation  of  electronic  equip¬ 
ment  as  late  in  the  build  process  as  possible  to  take  advantage  of  the 
rapid  changes  in  information  technology. 


Conduct  a  Thorough  and  Adequate  Testing  Program 

The  previous  chapter  discussed  how  a  new  program  must  specify  not 
only  desired  operational  requirements  but  also  test  procedures  to  ensure 
that  those  requirements  have  been  met.  The  test  procedures  should  be 
developed  during  the  design/build  portion  of  the  program.  Testing 
should  involve  the  design  and  build  organization(s),  as  well  as  the  tech¬ 
nical  community  and  the  navy. 


4  See  Schank  et  al.,  2009. 


CHAPTER  SIX 


Lessons  for  Integrated  Logistics  Support 


Integrated  logistics  support  begins  more  than  a  decade  after  a  subma¬ 
rine  is  initially  designed.  But  despite  that  time  gap,  ILS  needs  to  be 
incorporated  in  all  early  planning  for  a  submarine;  it  must  inform  the 
submarine’s  design  and  construction  and  help  structure  the  facilities, 
contracts,  and  procedures  that  will  be  required  to  keep  the  vessel  opera¬ 
tionally  available. 

Typically,  a  submarine’s  operating  and  support  costs  over  the 
course  of  its  service  life  are  much  greater  than  its  initial  acquisition 
cost.  But  design/build  programs  often  unwisely  focus  on  reducing  the 
platform’s  unit  procurement  cost  rather  than  its  whole-life  cost.  It  is 
difficult  to  convince  senior  decisionmakers  to  spend  more  money  in 
the  short  term  to  save  greater  amounts  in  the  long  term.  Therefore,  per¬ 
suasive  arguments  are  necessary  to  ensure  that  the  costs  of  integrated 
logistics  support  are  considered  during  the  design/build  process. 

Australia’s  current  problems  with  the  operational  availability  of 
the  Collins  class  largely  resulted  from  the  lack  of  developing  a  thorough 
ILS  plan  during  design  and  construction.  Although  ILS  planning  was 
included  in  the  original  contract  with  ASC,  funding  for  developing  the 
plan  was  systematically  reduced  to  address  other  issues  during  design 
and  construction.  A  strategic  view  of  ILS  early  in  the  program  was 
particularly  needed  because  the  RAN  was  thrust  into  the  unfamiliar 
role  of  a  parent  navy  with  the  Collins.  The  original  plan  of  “business  as 
usual”  failed  to  consider  the  unique  requirements  of  maintaining  the 
submarines  and  training  their  crews. 
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Similarly,  in  the  UK,  the  original  Astute  contract  included  several 
boat  years  of  contractor  logistics  support  for  the  first  three  submarines 
in  the  class.  The  intent  was  to  have  the  prime  contractor  design  the  sub¬ 
marine  in  a  way  that  would  reduce  the  whole-life  cost  of  the  platform. 
However,  the  prime  contractor  lacked  the  expertise  to  fully  under¬ 
stand  in-service  support  requirements,  risks,  and  costs.  When  the  con¬ 
tract  was  renegotiated,  the  contractor  logistics  support  provisions  were 
deleted  with  an  agreement  that  the  ILS  costs  would  be  established  at  a 
later  date.  Because  of  the  cost  and  schedule  problems  with  the  Astute , 
the  prime  contractor  focused  on  reducing  the  procurement  cost  of  the 
platforms  rather  than  reducing  the  whole-life  costs  of  the  submarines. 

In  this  chapter,  we  look  at  important  lessons  when  establishing  an 
ILS  program.  These  include  developing  an  ILS  strategic  plan  during 
the  design  phases,  taking  an  integrated  government  view  of  submarine 
support  versus  an  isolated  programmatic  view,  establishing  a  planning 
yard  function  to  track  maintenance  and  reliability  and  to  project  future 
maintenance  needs,  planning  for  crew  training,  and  establishing  and 
protecting  the  funding  necessary  to  develop  a  comprehensive  ILS  plan. 


Establish  a  Strategic  Plan  for  ILS  During  the  Design  Phase 

A  strategic  plan  for  ILS  must  be  started  early  in  the  program,  preferably 
during  the  design  phase.  As  mentioned  in  the  design  and  build  lessons, 
personnel  from  the  organizations  responsible  for  maintaining  the  sub¬ 
marine  should  be  involved  in  the  design  process  to  ensure  that  what  is 
ultimately  built  can  be  efficiently  and  effectively  supported.  Funding 
should  be  established  to  develop  the  ILS  plan  and  should  be  protected 
during  program  execution. 

A  strategic  ILS  plan  is  predicated  on  the  following  tenets: 

•  Maximize  equipment  commonality  by  standardizing  parts. 

•  Support  operational  availability  by  testing  the  reliability  of 
equipment. 

•  Ensure  maintenance  ease  and  accessibility  by  taking  into  consid¬ 
eration  the  long-term  costs  that  may  be  incurred. 
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•  Take  into  account  plans  for  technology  and  capability  develop¬ 
ment  over  the  operational  life  of  the  class. 

An  ILS  plan  depends  upon  establishing  a  concept  for  operating 
and  maintaining  the  submarine.  The  concept  of  operations  must  rec¬ 
ognize  that  the  submarine  will  require  time  for  preventive  and  cor¬ 
rective  maintenance  and  for  equipment  modernizations,  and  the  plan 
should  account  for  periodic  cycles  of  training,  operations,  and  main¬ 
tenance  that  hold  throughout  the  life  of  the  submarine.  It  goes  with¬ 
out  saying  that  developing  this  concept  of  operations  and  maintenance 
must  involve  both  operators  and  maintainers. 

In  order  to  develop  a  maintenance  plan,  the  reliability  and  main¬ 
tainability  of  the  equipment  and  the  need  for  corrosion  control  of 
the  hull  must  be  well  understood.  This  involves  frequent  interactions 
with  the  design  authorities  and  the  original  equipment  manufactur¬ 
ers  (OEMs)  to  obtain  data.  It  also  involves  a  thorough  understanding, 
informed  by  a  robust  database,  of  the  reliability  and  maintainability 
of  new  and  existing  equipment  used  in  the  new  platform.  Equipment 
should  be  thoroughly  tested  under  conditions  and  missions  that  the 
submarine  is  expected  to  encounter  throughout  its  service  life.  Maxi¬ 
mizing  the  use  of  standard  or  common  systems,  equipment,  and  parts 
whenever  possible  in  the  design  can  provide  valuable  insights  into  reli¬ 
ability  and  maintenance. 

The  strategic  plan  for  ILS  should  identify  when  maintenance, 
modernization,  and  training  will  be  performed,  where  the  activities 
will  take  place,  and  which  organizations  will  be  involved.  It  should 
provide  clear  guidance  on  how  maintenance  activities  should  be  con¬ 
ducted.  Equipment  reliability  and  the  need  for  corrosion  control  will 
factor  into  when  maintenance  should  be  performed.  Some  maintenance 
will  be  the  responsibility  of  the  crew  at  the  operating  base;  higher-level 
maintenance  and  modernization  will  be  the  responsibility  of  govern¬ 
ment  or  private-sector  organizations  and  will  be  accomplished  either 
at  the  operating  base  or  at  a  shipyard.  As  discussed  above,  the  end 
result  should  be  a  thorough  plan  for  maintenance  and  modernization 
throughout  the  life  of  the  submarine. 
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Finally,  the  ILS  strategic  plan  must  include  provisions  to  modern¬ 
ize  equipment  during  the  submarine’s  operational  life.  It  is  inevitable 
that  some  equipment,  especially  electronics,  will  require  updates.  Mod¬ 
ernizations  may  involve  the  higher-level  maintenance  organization  but 
will  more  likely  involve  the  OEMs.  Electronic  equipment  may  require 
time-phased  upgrades  involving  both  hardware  and  software.  Setting 
periodic  hardware  and  software  upgrades  will  establish  a  drumbeat  of 
modernizations  throughout  the  program. 


Consider  ILS  from  a  Navy-Wide  Versus  a  Program 
Perspective 

ILS  must  be  considered  at  the  force  level,  not  at  the  specific  program 
level.  There  will  be  demands  on  maintenance  and  training  resources 
from  older  submarines  still  in  the  fleet  (i.e.,  those  being  replaced  by  the 
new  program),  as  well  as  surface  ships.  Those  in  charge  of  the  new  pro¬ 
gram  must  recognize  these  other  demands  and  plan  accordingly.  This 
is  especially  important  for  limited  maintenance  facilities  such  as  dry 
docks  that  are  used  across  several  classes  of  ships  or  submarines. 

With  the  Astute  program,  the  UK  MOD  included  several  years 
of  contractor  logistics  support  in  the  initial  contract.  The  hope  was  the 
contractor  would  design  the  submarine  to  reduce  the  cost  of  in-service 
support.  Unfortunately,  early  problems  with  the  program  caused  the 
prime  contractor  to  focus  on  reducing  procurement  costs  and  to  ignore 
the  impact  on  logistics  costs.  When  the  contract  was  renegotiated, 
the  contractor  logistics  support  provisions  were  removed  because  the 
MOD  realized  that  the  Astute  submarines  should  be  supported  using 
the  same  process  as  the  previous  classes  of  submarines. 


Establish  a  Planning  Yard  Function  and  Develop  a 
Maintenance  and  Reliability  Database 


The  original  plans  for  ILS  are  likely  to  be  modified  as  experience  is 
gained  on  the  reliability  and  maintainability  of  the  equipment.  Some 
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equipment  may  require  more  maintenance  than  originally  thought, 
while  other  equipment  may  prove  to  be  more  reliable  or  easier  to  main¬ 
tain.  Establishing  a  planning  yard  function  that  tracks  maintenance 
and  establishes  future  workloads  is  important  to  ensure  that  the  right 
maintenance  is  done  at  the  right  times.  This  planning  yard  function 
can  be  performed  by  a  government  organization  or  by  a  private-sector 
firm.  One  function  of  the  planning  yard  is  to  monitor  and  update  data 
on  the  maintenance  history  of  the  new  submarine.  Another  function 
is  to  stay  in  constant  contact  with  the  design  authorities  and  OEMs  to 
understand  any  changes  in  the  platform  or  in  equipment  maintenance 
requirements  and  procedures. 


Plan  for  Crew  Training  and  Transition  to  the  Fleet 

The  ILS  plan  must  also  include  the  “when,  where,  and  who”  for  train¬ 
ing  activities.  As  with  maintenance,  some  training  will  occur  at  the 
operating  base  while  other  training  will  be  accomplished  at  central¬ 
ized  facilities.  It  may  be  done  either  by  the  navy  or  by  a  government  or 
private-sector  firm.  When  establishing  the  training  plan,  it  is  impor¬ 
tant  to  consider  the  transition  of  crews  and  personnel  from  an  existing 
platform  to  the  new  submarine  class.  Also,  a  crew  should  be  assigned 
to  a  submarine  during  construction  so  that  the  personnel  can  become 
familiar  with  the  submarine  and  its  systems  and  provide  feedback 
during  the  build  process.  When  a  new  submarine  is  delivered  to  the 
fleet,  its  crew  should  have  been  with  the  boat  long  enough  to  be  famil¬ 
iar  with  all  the  vessel’s  operating  procedures.  Part  of  the  training  plan 
should  identify  when  and  how  simulators  or  other  training  devices  will 
be  used  to  accomplish  the  training. 


Maintain  Adequate  Funding  to  Develop  and  Execute  the 
ILS  Plan 


Most  important,  there  must  be  sufficient  funds  to  develop  and  execute 
the  strategic  ILS  plan.  These  funds  should  be  “protected”  during  the 
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design  and  build  of  the  platforms.  This  was  not  the  case  with  the 
Collins,  whose  original  funding  was  systematically  reduced  to  address 
other  emerging  problems  during  the  design  and  build  of  the  boats.  As 
a  result,  the  program  lacked  a  thorough  strategic  ILS  plan  when  the 
submarines  entered  service. 


CHAPTER  SEVEN 


Summarizing  the  Lessons 


We  found  numerous  lessons  in  the  five  programs  that  the  three  coun¬ 
tries  pursued,  and  in  the  last  several  chapters  we  attempted  to  identify 
the  major  ones.  But  identifying  lessons  is  merely  the  first  step.  Equally, 
if  not  more  important  for  future  submarine  programs  in  the  United 
States,  the  UK,  and  Australia  is  that  policymakers  and  program  man¬ 
agers  learn  these  lessons  and  not  forget  them. 

The  important  issue  is  recognizing  the  context  in  which  decisions 
were  made  and  the  potential  outcomes  of  those  decisions.  Each  pro¬ 
gram  was  conducted  in  a  different  threat  and  budget  environment, 
and  some  faced  significant  changes  in  government  policies  and  in  the 
health  of  the  submarine  industrial  base.  Often,  the  problems  a  program 
experienced  resulted  from  underestimating,  or  ignoring,  the  impact  of 
significant  changes  from  previous  programs. 

Program  costs  are  typically  the  primary  focus  of  program  manag¬ 
ers  and  those  who  judge  the  success  of  a  program.  Therefore,  the  major¬ 
ity  of  the  lessons  are  aimed  at  controlling  program  costs.  We  have  sepa¬ 
rated  the  lessons  across  the  five  programs  into  those  that  apply  at  the 
top,  strategic  level  of  total  submarine  force  management  and  those  that 
apply  at  the  specific  program  management  level.  The  programmatic 
lessons  are  further  distinguished  by  when  they  occur  within  a  pro¬ 
gram — during  the  early  stages  when  setting  operational  requirements 
and  establishing  an  acquisition  and  contracting  environment;  during 
the  middle  stages  of  designing  and  building  the  submarine;  and  during 
the  later  stages  when  supporting  the  in-service  submarines. 
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Top-Level,  Strategic  Lessons 

The  top-level,  strategic  lessons  go  beyond  a  single  program  or  a  single 
point  in  time  and  stress  the  long-term  view  of  a  country’s  overall  sub¬ 
marine  force  and  the  industrial  base  that  supports  that  force. 

The  government  must  be  an  intelligent,  informed  partner  in  the 
submarine  enterprise.  Being  an  intelligent  partner  requires  a  thorough 
understanding  of  the  technologies  applicable  to  a  new  program  and 
the  risks  involved  in  extending  existing  technologies  or  relying  on  new 
technologies.  This  implies  that  all  appropriate  organizations,  includ¬ 
ing  operators,  maintainers,  the  technical  community,  and  the  private- 
sector  designers  and  builders,  be  involved  with  a  new  program  from 
its  beginnings.  Being  an  intelligent  partner  also  requires  understand¬ 
ing  the  roles  and  responsibilities  of  the  government  and  the  private 
sector  and  developing  a  plan  to  mitigate  and  manage  the  risks  that  may 
arise  during  program  execution.  Finally,  being  an  intelligent  partner 
requires  having  knowledgeable  and  experienced  people  involved  with 
the  program.  Future  program  managers  must  be  identified  early  in 
their  careers  and  provided  opportunities  to  learn  and  grow  the  exper¬ 
tise  needed  to  manage  future  programs. 

Being  an  informed  customer  means  that  there  is  sufficient  govern¬ 
ment  involvement  in  and  oversight  of  the  design  and  construction  pro¬ 
cesses  to  gauge  the  status  of  a  program,  identify  where  problems  may 
arise,  and  work  with  the  prime  contractor  and  major  subcontractors  to 
handle  problems  in  a  way  that  avoids  or  minimizes  cost  and  schedule 
impacts. 

The  government  must  take  a  long-term  view  of  the  submarine  force 
and  the  industrial  base.  It  must  decide  whether  it  is  more  cost-effective 
to  sustain  resources  during  any  gaps  between  new  submarine  design 
and  construction  programs  or  whether  resources  should  be  allowed  to 
atrophy  and  be  rebuilt  when  needed  in  the  future.  There  are  advantages 
and  disadvantages  to  each  approach  and  the  cost  and  schedule  implica¬ 
tions  should  be  carefully  thought  out. 

A  submarine  program  needs  the  support  of  the  legislative  branch  and 
the  public.  It  is  important  that  new  programs  be  open  and  transparent 
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to  all  parties,  including  government,  the  military,  legislative  bodies, 
and  the  public. 


Programmatic  Lessons 

Setting  Operational  Requirements 

A  new  submarine  program  must  seek  to  reduce  risks  to  the  maximum  extent 
possible.  Reducing  risks  involves  decisions  made  early  in  a  program  on 
the  desired  operational  performance  of  the  new  submarine.  Because  a 
submarine  is  an  integration  of  multiple  systems,  requirements  in  one 
area,  such  as  speed,  C4I  capability,  or  weapons  payload,  can  affect 
other  areas  and  influence  the  overall  design  of  the  submarine.  There¬ 
fore,  it  is  important  to  understand  the  current  state  of  the  technologies 
that  are  appropriate  to  the  program  and  be  familiar  with  those  new 
technologies  that  are  needed  to  achieve  the  desired  operational  capabil¬ 
ity.  Pushing  technologies  too  far  in  too  many  areas  can  increase  costs 
and  delay  schedules.  To  understand  technologies  and  how  they  relate 
to  desired  operational  capabilities  all  appropriate  organizations  must 
be  involved  in  setting  the  desired  performance  goals  for  a  program 
and  have  inputs  into  how  those  performance  goals  could  be  achieved. 
This  includes  operators  of  existing  submarines,  technology  centers  that 
monitor  and  understand  the  status  of  current  technologies,  designers 
who  incorporate  technologies  to  achieve  performance  goals,  and  build¬ 
ers  who  construct  the  submarines. 

Operational  requirements  must  be  clearly  stated  as  the  desired  per¬ 
formance  of  the  submarine  in  various  key  areas,  including  speed,  payload, 
signatures,  crew  size,  and  operational  capability.  Operational  require¬ 
ments  should  not  be  stated  as  point  values  but  rather  as  ranges  that 
recognize  that  there  may  be  a  desired  objective  value  for  a  performance 
parameter  but  that  a  lower,  threshold  value  may  provide  an  acceptable 
solution  at  a  lower  cost.  It  is  not  sufficient  merely  to  state  the  desired 
operational  requirements.  Procedures  to  test  for  the  achievement  of  the 
desired  operational  requirements  must  also  be  determined  early  in  the 
program. 
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Establishing  the  Acquisition  and  Contracting  Environment 

Establishing  an  open  and  fair  acquisition  and  contracting  environment 
will  reduce  problems  that  can  occur  during  a  new  program.  The  acquisi¬ 
tion  and  contracting  strategy  should  aim  for  a  partnership  between  the 
government  (the  buyer)  and  the  private  sector  (the  seller).  Decisions 
made  in  this  area  can  foster  or  hinder  the  desired  interactions  and  rela¬ 
tionships  between  the  two  sides. 

A  single  contract  that  covers  the  design  of  the  new  submarine  and 
the  build  of  the  first-of  class  seems  appropriate  in  most  cases.  Although 
acquisition  and  contracting  decisions  will  largely  depend  on  the  status 
of  the  industrial  base  that  designs  and  builds  the  submarines,  having 
one  organization  responsible  for  the  design  and  build  can  reduce  com¬ 
munication  and  interface  problems.  The  UK  and  Australia  both  have 
a  single  firm  with  experience  in  leading  new  submarine  programs.  The 
United  States  has  two  firms  that  design  and  build  submarines,  but 
those  firms  have  formed  a  solid  partnership  that  may  preclude  future 
competitions.  Contracting  for  just  the  first  submarine  in  a  class  will 
allow  the  design  to  be  fixed  and  build  problems  to  be  resolved  before 
contracts  are  let  for  subsequent  boats  in  the  class. 

New  programs  must  have  an  appropriate  contract  structure. 
Although  fixed-price  contracts  can  reduce  risks  of  cost  growth  to  the 
government,  they  are  most  appropriate  when  there  is  little  program 
risk  and  uncertainty  and  when  few  changes  are  anticipated.  With  the 
risks  and  uncertainty  of  a  new  program,  especially  one  that  differs  in 
some  way  from  previous  programs,  a  cost  type  of  contract  is  probably 
most  appropriate.  Whatever  type  of  contract  is  used,  both  the  govern¬ 
ment  and  the  private  sector  should  develop  realistic  cost  and  sched¬ 
ule  estimates.  Any  differences  in  the  cost  estimates  of  the  government 
and  the  private  sector  should  be  understood  and  discussed  between  the 
two  parties  with  the  ultimate  goal  of  agreeing  on  the  estimates  and 
schedules. 

One  important  decision  when  establishing  the  acquisition  and 
contracting  environment  is  which  equipment  will  be  bought  and  man¬ 
aged  by  the  government  (as  GFE)  and  which  equipment  will  be  bought 
and  managed  by  the  contractor  (as  CFE).  This  choice  will  largely  depend 
on  who  holds  various  risks  and  responsibilities  and  who  is  better  posi- 
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tioned  to  manage  the  subcontractors.  Typically,  the  nuclear  propulsion 
system  and  the  combat  system  are  candidates  for  GFE,  while  other 
major  equipment  and  systems  might  be  better  managed  by  the  prime 
contractor. 

An  open  and  fair  acquisition  and  contracting  environment  should 
include  a  timely  decisionmaking  process  to  manage  changes  that  occur 
during  the  program.  Changes  in  desired  performance,  in  systems  and 
equipment,  in  schedules,  in  construction  methods,  or  in  responsibili¬ 
ties  invariably  occur  during  a  new  program.  It  is  important  that  any 
such  changes  be  adjudicated  fairly  and  quickly  to  avoid  schedule  delays 
and  cost  growth.  A  mechanism  must  also  be  identified  to  track  prog¬ 
ress  and  provide  progress  payments  to  the  contractor.  The  payment 
schedule  should  be  tied  to  a  clearly  defined  and  meaningful  milestone 
plan  or  a  well-defined  physical  completion  system.  Finally,  the  contract 
should  include  an  adequate  contingency  pool  to  handle  any  problems 
that  arise  in  the  program. 

Designing  and  Building  the  Submarine 

Operators ,  builders,  and  maintainers  must  be  involved  in  the  design  pro¬ 
cess.  Many  of  the  lessons  described  above  are  also  applicable  when 
designing  and  building  the  submarine.  We  have  already  stressed  the 
need  to  involve  all  appropriate  government  and  private-sector  organi¬ 
zations  during  the  early  stages  of  a  program.  The  “design/build/main¬ 
tain”  environment  during  the  design  phases  can  help  ensure  that  the 
submarine  is  built  and  supported  in  a  cost-effective  manner. 

The  majority  of  the  detailed  design  drawings  should  be  complete 
before  construction  begins.  Starting  construction  before  arrangements 
are  complete  and  the  design  is  largely  fixed  typically  results  in  future 
rework  to  remove,  modify,  and  replace  structural  and  equipment  com¬ 
ponents.  Although  there  may  be  a  reluctance  to  extend  schedules  set 
early  in  a  program,  it  is  often  more  cost-effective  to  delay  the  start  of 
construction  when  design  is  still  in  flux.  A  rule  of  thumb  that  has 
emerged  from  previous  programs  is  to  have  the  arrangements  fixed  and 
the  design  drawings  80  percent  complete. 

The  vessel’s  weight,  stability,  power,  cooling,  bandwidth,  and  other 
design  margins  should  be  closely  managed.  The  design,  build,  and  opera- 
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tions  of  the  new  submarine  may  begin  to  consume  the  initial  design 
margins.  Any  change  to  the  design  margins  should  be  thoroughly 
examined.  Without  adequate  margins,  it  may  be  difficult  or  impossible 
to  modernize  the  equipment  or  adjust  the  missions  over  the  operational 
life  of  a  submarine  class. 

The  government  must  have  sufficient  oversight  of  the  design/build 
process.  The  government  needs  to  understand  the  status  of  a  program, 
where  problems  may  arise,  and  how  best  to  resolve  those  problems.  A 
strong  and  interactive  government  presence  at  the  shipyards  can  help 
address  deviations  from  designs,  assure  compliance  to  quality  and  test 
procedures,  and  keep  the  government  aware  of  the  challenges  the  pro¬ 
gram  faces. 

The  government  and  the  prime  contractor,  working  together,  should 
develop  an  integrated  master  plan  to  design,  build,  and  test  the  submarine. 
The  master  plan  should  have  an  overall  schedule  linking  tasks,  mile¬ 
stones,  and  products  during  the  conduct  of  the  program.  The  govern¬ 
ment  oversight  resources  should  track  the  progress  of  the  program  to 
see  if  there  is  any  deviation  from  the  plan.  Earned  value  management 
is  one  tracking  tool  used  by  various  programs.  But  regardless  of  the 
specific  tool  or  system  used,  it  is  important  that  the  data  be  entered 
correctly  and  that  the  system  provide  forward  looking  performance 
measures. 

The  submarine  should  be  designed  for  the  removal  and  replacement 
of  equipment.  Modern  submarines  have  operational  lives  of  30  years  or 
more.  During  this  time,  equipment  will  require  repair,  removal,  and 
modernization.  The  design  of  the  submarine  should  anticipate  the  need 
to  remove  and  replace  various  equipment  and  include  adequate  access 
and  removal  paths  and  hatches.  Electronic  systems  for  command, 
control,  communications,  and  computing  typically  require  frequent 
upgrades.  The  design  process  should  evaluate  different  communica¬ 
tions  architectures  and  use  standardized  racks  and  equipment  to  the 
extent  possible. 

The  government  and  prime  contractor  must  conduct  a  thorough  and 
adequate  test  program.  The  early  stages  of  a  new  program  should  specify 
how  the  government  and  prime  contractor  should  test  subsystems,  sys¬ 
tems,  and  the  new  submarine  to  ensure  that  safety  standards  are  met 
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and  performance  goals  are  achieved.  To  the  extent  possible,  systems 
should  be  tested  before  they  are  inserted  into  the  hull.  Testing  should 
proceed  during  the  build  process  and  culminate  in  the  various  trials 
conducted  by  the  shipbuilder  and  the  government. 

Providing  Integrated  Logistics  Support 

The  government  and  prime  contractor  should  establish  a  strategic  plan  for 
integrated  logistics  support  during  the  design  phase  of  a  new  program.  Pro¬ 
grams  typically  face  pressures  to  reduce  the  construction  costs  of  the 
submarines.  Although  logistics  support  costs  occur  more  than  a  decade 
after  the  initial  design  of  a  new  submarine,  they  represent  the  largest 
portion  of  a  platform’s  life-cycle  costs.  Issues  surrounding  how  the  new 
submarine  will  be  supported  once  it  enters  service  must  be  addressed 
early  and  throughout  the  design/build  process.  The  goal  of  a  new  pro¬ 
gram  should  be  to  reduce  the  total  ownership  cost  of  the  fleet  of  new 
submarines,  not  the  initial  acquisition  cost  of  a  submarine.  Therefore, 
the  strategic  ILS  plan  should  include  when,  where,  and  how  to  main¬ 
tain,  repair,  and  modernize  the  platform.  It  should  provide  similar  spe¬ 
cifics  on  crew  training  and  management.  The  plan  should  be  based 
around  a  concept  of  operations  for  the  submarine  that  details  opera¬ 
tional,  training,  maintenance,  and  modernization  periods  over  the  life 
of  the  submarine. 

ILS  should  be  considered  from  a  navy-wide  perspective  rather  than 
an  individual  program  perspective.  Other  submarines  and  surface  ships 
in  the  navy  will  also  have  strategic  ILS  plans.  The  various  demands 
on  logistics  support  resources  should  be  coordinated  to  provide  the 
required  support  to  the  fleet  in  the  most  cost-effective  manner. 

A  planning  yard  function  and  a  reliability  and  maintainability 
database  should  be  included  in  the  ILS  plan.  A  planning  yard  can  help 
track  maintenance  through  the  database  and  establish  future  support 
workloads  and  procedures.  The  planning  yard  function  can  be  pro¬ 
vided  by  either  government  or  private-sector  organizations. 

There  should  be  a  plan  for  crew  training  and  transitioning  the  sub¬ 
marine  to  the  fleet.  Training  could  be  provided  by  a  government  or  a 
private-sector  organization  depending  on  costs  and  capabilities. 
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The  government  must  ensure  that  the  program  maintains  adequate 
funding  to  develop  and  execute  the  ITS  plan  and  to  establish  the  support 
infrastructure.  Budget  pressures  often  threaten  program  funding  and, 
since  support  costs  occur  much  later,  ILS  planning  is  often  one  item 
where  funding  can  be  reduced.  The  program  manager  must  remember 
that  in-service  support  costs  greatly  exceed  construction  costs  and  that 
an  effective  ILS  plan  is  necessary  to  reduce  total  ownership  costs. 

The  implications  of  these  lessons  may  vary  for  each  country  and 
for  each  future  submarine  program.  The  United  States,  due  to  its  long, 
continuous  history  of  designing  and  building  new  classes  of  subma¬ 
rines,  appears  to  have  learned  the  lessons  from  past  programs  and 
adapted  them  for  new  programs.  The  important,  overall  lesson  for  the 
United  States  is  to  not  forget  those  lessons.  The  UK  also  has  a  long  his¬ 
tory  of  new  submarine  programs.  The  important  lesson  for  the  UK  is 
always  to  understand  the  risks  associated  with  major  changes  from  pre¬ 
vious  programs  and  to  plan  for  those  risks.  Finally,  although  Australia 
had  a  long  history  of  submarine  operations,  it  faced  the  responsibilities 
of  designing,  building,  and  supporting  a  new  submarine  for  the  first 
time  with  the  Collins  program.  As  with  any  first-time  endeavor  of  a 
complex  task,  the  Collins  program  experienced  problems.  The  impor¬ 
tant  lesson  for  Australia  is  not  only  to  learn  from  the  decisions  and 
outcomes  of  the  Collins  program  but  also  to  draw  from  the  experiences 
of  the  United  States  and  the  United  Kingdom. 
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